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NOTE TO THE READER 


The term ‘carcinogenic risk’ in the IARC Monographs series is taken to mean the 
probability that exposure to an agent will lead to cancer in humans. 

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only 
that the published data have been examined. Equally, the fact that an agent has not yet 
been evaluated in a monograph does not mean that it is not carcinogenic. 

The evaluations of carcinogenic risk are made by international working groups of 
independent scientists and are qualitative in nature. No recommendation is given for 
regulation or legislation. 

Anyone who is aware of published data that may alter the evaluation of the carcino¬ 
genic risk of an agent to humans is encouraged to make this information available to the 
Unit of Carcinogen identification and Evaluation, International Agency for Research on 
Cancer, 150 cours Albert Thomas, 69372 Lyon Cedex 08, France, in order that the agent 
may be considered for re-evaluation by a future Working Group. 

Although every effort is made to prepare the monographs as accurately as possible, 
mistakes may occur. Readers are requested to communicate any errors to the Unit of 
Carcinogen Identification and Evaluation, so that corrections can be reported in future 
volumes. 
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1. BACKGROUND 

In 1969, the International Agency for Research on Cancer (IARC) initiated a pro¬ 
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce mono¬ 
graphs on individual chemicals. The Monographs programme has since been expanded 
to include consideration of exposures to complex mixtures of chemicals (which occur, 
for example, in some occupations and as a result of human habits) and of exposures to 
other agents, such as radiation and viruses. With Supplement 6 (IARC, 1987a), the title 
of the series was modified from IARC Monographs on the Evaluation of the Carcino¬ 
genic Risk of Chemicals to Humans to IARC Monographs on the Evaluation of Carcino¬ 
genic Risks to Humans , in order to reflect the widened scope of the programme. 

The criteria established in 1971 to evaluate carcinogenic risk to humans were 
adopted by the working groups whose deliberations resulted in the first 16 volumes of 
the IARC Monographs series. Those criteria were subsequently updated by farther ad- 
hoc working groups (IARC, 1977, 1978,1979, 1982,1983, 1987b, 1988,1991a; Vainio 
etal, 1992). 

2. OBJECTIVE AND SCOPE 

The objective of the programme is to prepare, with the help of international working 
groups of experts, and to publish in the form of monographs, critical reviews and eva¬ 
luations of evidence on the carcinogenicity of a wide range of human exposures. The 
Monographs may also indicate where additional research efforts are needed. 

The Monographs represent the first step in carcinogenic risk assessment, which 
involves examination of all relevant information in order to assess the strength of the avai¬ 
lable evidence that certain exposures could alter the incidence of cancer in humans. The 
second step is quantitative risk estimation. Detailed, quantitative evaluations of epidemio¬ 
logical data may be made in the Monographs, but without extrapolation beyond the range 
of the data available. Quantitative extrapolation from experimental data to the human 
situation is not undertaken. 

The term ‘carcinogen’ is used in these monographs to denote an exposure that is 
capable of increasing the incidence of malignant neoplasms; the induction of benign neo- 
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plasms may in some circumstances (see p. 19) contribute to the judgement that the expo¬ 
sure is carcinogenic. The terms ‘neoplasm’and ‘tumour’ are used interchangeably. 

Some epidemiological and experimental studies indicate that different agents may act 
at different stages in the carcinogenic process, and several mechanisms may be involved, 
The aim of the Monographs has been, from their inception, to evaluate evidence of carci¬ 
nogenicity at any stage in the carcinogenesis process, independently of the underlying 
mechanisms. Information on mechanisms may, however, he used in making the overall 
evaluation (IARC, 1991a; Vainio er al, 1992; see also pp. 25-27). 

The Monographs may assist rational and international authorities in making risk 
assessments and in formulating decisions concerning any necessary preventive measures. 
The evaluations of IARC working groups are scientific, qualitative judgements about the 
evidence for or against carcinogenicity provided by the available data. These evaluations 
represent only one part of the body of information on which regulatory measures may be 
based. Other components of regulatory decisions vary from one situation to another and 


from country to country, responding to different socioeconomic and national priorities. 

Therefore, no recommendation is given with regard to regulation or legislation, 
which are the responsibility of individual governments and/or other international 
organizations. 


The IARC Monographs are recognized as an authoritative source of information on 
the carcinogenicity of a wide range of human exposures. A survey of users in 1988 indi¬ 
cated that the Monographs are consulted by various agencies in 57 countries. About 2500 
copies of each volume arc printed, for distribution to governments, regulatory bodies and 
interested scientists. The Monographs are also available from lARCPhos in Lyon and via 
the Marketing and Dissemination (MDI) of the World Health Organization in Geneva. 


3. SELECTION OF TOPICS FOR MONOGRAPHS 

Topics are selected on the basis of two main criteria: (a) there is evidence of human 
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term 
‘agent is used to include individual chemical compounds, groups of related chemical 
compounds, physical agents (such as radiation) and biological factors (such as viruses). 
Exposures to mixtures of agents may occur in occupational exposures and as a result of 
personal and cultural habits (like smoking and dietary practices). Chemical analogues 
and compounds with biological or physical characteristics similar to those of suspected 
carcinogens may also be considered, even in the absence of data on a possible carcino¬ 
genic effect in humans or experimental animals. 

The scientific literature is surveyed for published data relevant to an assessment of 
carcinogenicity. The IARC information bulletins on agents being tested for carcino¬ 
genicity' (IARC, 1973-1996) and directories of on-going research in cancer epide¬ 
miology (IARC, 1976-1996) often indicate exposures that may be scheduled for future 
meetings. Ad-hoc working groups convened by IARC in 1984, 1989, 1991, 1993 and 


II 

1998 gave recommendations as to which agents should be evaluated in the IARC Mono¬ 
graphs series (IARC, 1984,1989,1991b, 1993,1998a,b). 

As significant new data on subjects on which monographs have already been prepared 
become available, re-evaluations are made at subsequent meetings, and revised mono¬ 
graphs are published. 

4. DATA FOR MONOGRAPHS 

The Monographs do not necessarily cite all the literature concerning the subject of 
an evaluation. Only those data considered by the Working Group to be relevant to making 
the evaluation are included. 

With regard to biological and epidemiological data, only reports that have been 
published or accepted for publication in the openly available scientific literature are 
reviewed by the working groups. In certain instances, government agency reports that 
have undergone peer review and are widely available are considered. Exceptions may 
be made on an ad-hoc basis to include unpublished reports that are in their final form 
and publicly available, if their inclusion is considered pertinent to making a final 
evaluation (see pp. 25-27). In the sections on chemical and physical properties, on 
analysis, on production and use and on occurrence, unpublished sources of information 
may be used. 

5. THE WORKING GROUP 

Reviews and evaluations are formulated by a working group of experts. The tasks of 
the group are: (i) to ascertain that all appropriate data have been collected; (H) to select 
the data relevant for the evaluation on the basis of scientific merit; (iii) to prepare 
accurate summaries of the data to enable the reader to follow the reasoning of the 
Working Group; (iv) to evaluate the results of epidemiological and experimental studies 
on cancer; (v) to evaluate data relevant to the understanding of mechanism of action; and 
(vi) to make an overall evaluation of the carcinogenicity of the exposure to humans. 

Working Group participants who contributed to the considerations and evaluations 
within a particular volume are listed, with their addresses, al the beginning of each publi¬ 
cation. Each participant who is a member of a working group serves as an individual 
scientist and not as a representative of any organization, government nr industry. In 
addition, nominees of national and international agencies and industrial associations may 
be invited as observers. 

fi. WORKING PROCEDURES 

Approximately one year in advance of a meeting of a working group, the topics of 
the monographs are announced and participants are selected by IARC staff in consul¬ 
tation with other experts. Subsequently, relevant biological and epidemiological data are 
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collected by the Carcinogen Identification and Evaluation Unit of IARC from recognized 
sources of information on carcinogenesis, including data storage and retrieval systems 
such as MEDLINE and TOXLINE. 

For chemicals and some complex mixtures, the major collection of data and the pre¬ 
paration of first drafts of the sections on chemical and physical properties, on analysis, 
on production and use and on occurrence are carried out under a separate contract funded 
by the United States National Cancer Institute, Representatives from industrial asso¬ 
ciations may assist in the preparation of sections on production and use. Information on 
production and trade is obtained from governmental and trade publications and, in some 
cases, by direct contact with industries. Separate production data on some agents may not 
be available because their publication could disclose confidential information. Infor¬ 
mation on uses may be obtained from published sources but is often complemented by 
direct contact with manufacturers. Efforts are made to supplement this information with 
data from other national and international sources. 

Six months before the meeting, the material obtained is sent to meeting participants, 
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first 
drafts are compiled by IARC staff and sent before the meeting to all participants of the 
Working Group for review. 

The Working Group meets in Lyon for seven to eight days to discuss and finalize the 
texts of the monographs and to formulate the evaluations. After the meeting, the master 
copy of each monograph is verified by consulting the original literature, edited and pre¬ 
pared for publication. The aim is to publish monographs within six months of the 
Working Group meeting. 

The available studies are summarized by the Working Group, with particular regard 
to the qualitative aspects discussed beiow. In general, numerical findings are indicated as 
they appear in the original report; units are converted when necessary for easier compa¬ 
rison. The Working Group may conduct additional analyses of the published data and use 
them in their assessment of the evidence; the results of such supplementary analyses are 
given in square brackets. When an important aspect of a study, directly impinging on its 
interpretation, should be brought to the attention of the reader, a comment is given in 
square brackets. 

7. EXPOSURE DATA 

Sections that indicate the extent of past and present human exposure, the sources of 
exposure, die people most likely to be exposed and the factors that contribute to the 
exposure are included at the beginning of each monograph. 

Most monographs on individual chemicals, groups of chemicals or complex mixtures 
include sections on chemical and physical data, on analysis, on production and use and 
on occurrence. In monographs on, for example, physical agents, occupational exposures 
and cultural habits, other sections may be included, such as: historical perspectives, des¬ 
cription of an industry or habit, chemistry of the complex mixture or taxonomy, Mono¬ 
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graphs on biological agents have sections on structure and biology, methods of detection, 
epidemiology of infection and clinical disease other than cancer. 

For chemical exposures, the Chemical Abstracts Services Registry Number, the latest 
Chemical Abstracts primary name and the JUPAC systematic name are recorded; other 
synonyms are given, but the list is not necessarily comprehensive. For biological agents, 
taxonomy and structure are described, and the degree of variability is given, when 
applicable. 

information on chemical and physical properties and, in particular, data relevant to 
identification, occurrence and biological activity are included. For biological agents, 
mode of replication, life cycle, target cells, persistence and latency and host response ar e 
given. A description of technical products of chemicals includes trade names, relevant 
specifications and available information on composition and impurities. Some of the 
trade names given may be those of mixtures in which the agent being evaluated is only 
une of the ingredients. 

The purpose of the section on analysis or detection is to give the reader an overview 
of current methods, with emphasis on those widely used for regulatory purposes. 
Methods for monitoring human exposure arc also given, when available.No critical eva¬ 
luation or recommendation of any of the methods is meant or implied, The IARC 
published a series of volumes, Environmental Carcinogens: Methods of Analysis and 
Exposure Measurement (IARC, 1978-93), that describe validated methods for analysing 
a wide variety of chemicals and mixtures, For biological agents, methods of detection 
and exposure assessment are described, including their sensitivity, specificity and 
reproducibility. 

The dates of first synthesis and of first commercial production of a chemical or 
mixture are provided; for agents which do not occur naturally, this information may 
allow a reasonable estimate to be made of the date before which no human exposure to 
the agent could have occurred. The dates of first reported occurrence of an exposure are 
also provided. In addition, methods of synthesis used in past and present commercial 
production and different methods of production which may give rise to different impu¬ 
rities are described. 

Data on production, international trade and uses are obtained for representative 
regions, which usually include Europe, japan and the United States of America. It should 
not, however, be inferred that those areas or nations are necessarily the sole or major 
sources or users of the agent. Some identified uses may not be current or major appli¬ 
cations, and the coverage is not necessarily comprehensive. In the case of drugs, mention 
of their therapeutic uses does not necessarily represent current practice, nor does it imply 
judgement as to their therapeutic efficacy. 

Information on the occurrence of an agent or mixture in the environment is obtained 
from data derived from the monitoring and surveillance of levels in occupational envi¬ 
ronments, air, water, soil, foods and animal and human tissues. When available, data on 
the generation, persistence and bioaccumuiation of the agent are also included. In the 
case of mixtures, industries, occupations or processes, information is given about all 
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agents present. For processes, industries and occupations, a historical description is also 
given, noting variations in chemical composition, physical properties and levels of occu¬ 
pational exposure with time and place. For biological agents, the epidemiology of 
infection is described. 

Statements concerning regulations and guidelines (e.g„ pesticide registrations, 
maximal levels permitted in foods, occupational exposure limits) are included for some 
countries as indications of potential exposures, but they may not reflect the most recent 
situation, since such limits are continuously reviewed and modified. The absence of 
information on regulatory status for a country should not be taken to imply that that 
country does not have regulations with regard to the exposure. For biological agents, 
legislation and control, including vaccines and therapy, are described, 

8. STUDIES OF CANCER IN HUMANS 

(a) Types of studies considered 

Three types of epidemiological studies of cancer contribute to the assessment of 
carcinogenicity in humans — cohort studies, case-control studies and correlation (or 
ecological) studies. Rarely, results from randomized trials may be available. Case series 
and case reports of cancer in humans may also be reviewed. 

Cohort and case-control studies relate the exposures under study to the occurrence 
of cancer in individuals and provide an estimate of relative risk (ratio of incidence or 
mortality in those exposed to incidence or mortality in those not exposed) as the main 
measure of association. 

In correlation studies, the units of investigation are usually whole populations (e.g. 
in particular geographical areas or at particular times), and cancer frequency is related to 
a summaiy measure of the exposure of the population to the agent, mixture or exposure 
circumstance under study. Because individual exposure is not documented, however, a 
causal relationship is less easy to infer from correlation studies than from cohort and 
case-control studies. Case reports generally arise from a suspicion, based on clinical 
experience, that the concurrence of two events — that is, a particular exposure and 
occurrence of a cancer — has happened rather more frequently than would be expected 
by chance. Case reports usually lack complete ascertainment of cases in any population, 
definition or enumeration of the population at risk and estimation of the expected number 
of cases in the absence of exposure. The uncertainties surrounding interpretation of case 
reports and correlation studies make them inadequate, except in rare instances, to form 
the sole basis for inferring a causal relationship. When taken together with case-control 
and cohort studies, however, relevant case reports or correlation studies may add 
materially to the judgement that a causal relationship is present. 

Epidemiological studies of benign neoplasms, presumed preneoplastic lesions and 
other end-points thought to be relevant to cancer are also reviewed by working groups. 
They may, in sume instances, strengthen inferences drawn from studies uf cancer itself. 


(/>) Quality of studies considered 

The Monographs are not intended to summarize all published studies. Those that are 
judged to be inadequate or irrelevant to the evaluation are generally omitted. They may 
be mentioned briefly, particularly when the information is considered to be a useful 
supplement to that in other reports or when they provide the only data available. Their 
inclusion does not imply acceptance of the adequacy of the study design or of the 
analysis and interpretation of the results, and limitations are clearly outlined in square 
brackets at the end of the study description. 

It is necessary to take into account the possible roles of bias, confounding and chance 
in the interpretation of epidemiological studies. By ‘bias' is meant the operation of 
factors in study design or execution that lead erroneously to a stronger or weaker asso¬ 
ciation than in fact exists between disease and an agent, mixture or exposure circum¬ 
stance. By ‘confounding’ is meant a situation in which the relationship with disease is 
made to appear stronger or weaker than it truly is as a result of an association between 
the apparent causal factor and another factor that is associated with either an increase or 
decrease in the incidence of the disease. In evaluating the extent to which these factors 
have been minimized in an individual study, working groups consider a number of 
aspects of design and analysis as described in the report of the study. Most of these consi¬ 
derations apply equally to ease control, cohort and correlation studies. Lack of clarity of 
any of these aspects in the reporting of a study can decrease its credibility and the weight 
given to it in the final evaluation of the exposure. 

Firstly, the study population, disease (or diseases) and exposure should have been 
well defined by the authors. Cases of disease in the study population should have been 
identified in a way that was independent of the exposure of interest, and exposure should 
have been assessed in a way that was not related to disease status. 

Secondly, the authors should have taken account in the study design and analysis of 
uflier variables lhal can influence the risk of disease and may have been related to the 
exposure of interest, Potential confounding by such variables should have been dealt with 
either in the design of the study, such as by matching, or in the analysis, by statistical 
adjustment. In cohort studies, comparisons with local rates of disease may be more 
appropriate than those with national rates. Internal comparisons of disease frequency 
among individuals at different levels of exposure should also have been made in the 
study. 

Thirdly, the authors should have reported the basic data on which the conclusions are 
founded, even if sophisticated statistical analyses were employed. At the very least, they 
should have given the numbers of exposed and unexposed cases and controls in a 
ease-control study and the numbers of cases observed and expected in a cohort study. 
Further tabulations by time since exposure began and other temporal factors are also 
important. In a cohort study, data on all cancer sites and all causes of death should have 
been given, to reveal the possibility of reporting bias. In a case-control study, the effects 
of investigated factors other than the exposure of interest should have been reported. 
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Finally, the statistical methods used to obtain estimates of relative risk, absolute rates 
of cancer, confidence intervals and significance tests, and to adjust for confounding 
should have been clearly stated by the authors. The methods used should preferably have 
been the generally accepted techniques that have been refined since the mid-1970s. 
These methods have been reviewed for case-control studies (Breslovv & Day, 1980) and 
for cohort studies (Breslow & Day, 1987). 

(c) Inferences about mechanism of action 

Detailed analyses of both relative and absolute risks in relation to temporal variables, 
such as age at first exposure, time since first exposure, duration of exposure, cumulative 
exposure and time since exposure ceased, are reviewed and summarized when available. 
The analysis of temporal relationships can be useful in formulating models of carcino¬ 
genesis. In particular, such analyses may suggest whether a carcinogen acts early or late 
in the process of carcinogenesis, although at best they allow only indirect inferences 
about the mechanism of action. Special attention is given to measurements of biological 
markers of carcinogen exposure or action, such as DNA or protein adducts, as well as 
markers of early steps in the carcinogenic process, such as proto-oncogene mutation, 
when these are incorporated into epidemiological studies focused on cancer incidence or 
mortality. Such measurements may allow inferences to be made about putative mecha¬ 
nisms of action (IARC, 1991a; Vainio et a!., 1992). 

(e/) Criteria for causality 

After the individual epidemiological studies of cancer have been summarized and the 
quality assessed, a judgement is made concerning the strength of evidence that the agent, 
mixture or exposure circumstance in question is carcinogenic for humans. In making its 
judgement, the Working Group considers several criteria for causality. A strong asso¬ 
ciation (a large relative risk) is more likely to indicate causality than a weak association, 
although it is recognized that relative risks of small magnitude do not imply lack of 
causality and may be important if the disease is common. Associations that are replicated 
in several studies of the same design or using different epidemiological approaches or 
under different circumstances of exposure are more likely to represent a causal relation¬ 
ship than isolated observations from single studies. If there arc inconsistent results 
among investigations, possible reasons are sought (such as differences in amount of 
exposure), and results of studies judged to be of high quality are given more weight than 
those of studies judged to be methodologically less sound. When suspicion of carcino¬ 
genicity arises largely from a single study, these data are not combined with those from 
later studies in any subsequent reassessment of the strength of the evidence. 

If the risk of the disease in question increases with the amount of exposure, this is 
considered to be a strong indication of causality, although absence of a graded response 
is not necessarily evidence against a causal relationship. Demonstration of a decline in 
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risk after cessation of or reduction in exposure in individuals or in whole populations also 
supports a causal interpretation of the findings. 

Although a carcinogen may act upon more than one target, the specificity of an asso¬ 
ciation (an increased occurrence of cancer at one anatomical site or of one morphological 
type) adds plausibility to a causal relationship, particularly when excess cancer occur¬ 
rence is limited to one morphological type within the same organ. 

Although rarely available, results from randomized trials showing different rates 
among exposed and unexposed individuals provide particularly strong evidence for 
causality. 

When several epidemiological studies show little or no indication of an association 
between an exposure and cancer, the judgement may be made that, in the aggregate, they 
show evidence of lack of carcinogenicity. Such a judgement requires first of all that the 
studies giving rise to it meet, to a sufficient degree, the standards of design and analysis 
described above. Specifically, the possibility that bias, confounding or misclassificatiun 
of exposure or outcome could explain the observed results should be considered and 
excluded with reasonable certainty. In addition, all studies that are judged to he methodo¬ 
logically sound should be consistent with a relative risk of unity for any observed level 
of exposure and, when considered together, should provide a pooled estimate of relative 
risk which is at or near unity and has a narrow confidence interval, due to sufficient popu¬ 
lation size. Moreover, no individual study nor the pooled results of all the studies should 
show any consistent tendency for the relative risk of cancer to increase with increasing 
level of exposure. It is important to note that evidence of lack of carcinogenicity' obtained 
in this way from several epidemiological studies can apply only to the type(s) of cancer 
studied and to dose levels and intervals between first exposure and observation of disease 
that are the same as or less than those observed in all the studies. Experience with human 
cancer indicates that, in some cases, the penod from first exposure to the development of 
clinical cancer is seldom less than 20 years; studies with latent periods substantially 
shorter than 30 years cannot provide evidence for lack of carcinogenicity. 

9. STUDIES OF CANCER IN EXPERIMENTAL ANIMALS 

All known human carcinogens that have been studied adequately in experimental 
animals have produced positive results in one or more animal species (Wilboum et a!., 
1986; Tomatis et al ., 1989). For several agents (aflatoxins, 4-aminobiphenyl, azathio- 
prine, betel quid with tobacco, bischloromethyl ether and chloromethyl melhyl ether 
(technical grade), chlorambucil, chlomaphazine, ciclosporin, coal-tar pitches, coal-tars, 
combined oral contraceptives, cyclophosphamide, diethylstilboestrol, melphalan, 8- 
methoxypsoralen plus ultraviolet A radiation, mustard gas, myieran, 2-naphthylamine, 
nonsteroidal estrogens, estrogen replacement therapy/steroidal estrogens, solar radiation, 
thiutepa and vinyl chloride), carcinogenicity in experimental animals was established or 
highly suspected before epidemiological studies confirmed their carcinogenicity in 
humans (Vainio et al., 1995). Although this association cannot establish that all agents 
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and mixtures that cause cancer in experimental animals also cause cancer in humans, 
nevertheless, in the absence of adequate data un humans, it is biologically plausible 
and prudent to regard agents and mixtures for which there is sufficient evidence (set 
I*. 24) of carcinogenicity in experimental animals as if they presented a carcinogenic 
risk to humans. The possibility that a given agent may cause cancer through a species- 
specific mechanism which docs not operate in humans (see p. 27) should also be taken 
into consideration. 

The nature and extent of impurities or contaminants present in the chemical or 
mixture being evaluated are given when available. Animal strain, sex, numbers per 
group, age at start of treatment and survival are reported. 

Other types of studies summarized include; experiments in which the agent or 
mixture was administered in conjunction with known carcinogens or factors that modify 
carcinogenic effects; studies in which the end-point was not cancer but a defined 
precancerous lesion; and experiments on the carcinogenicity of known metabolites and 

derivatives. ..... 

For experimental studies of mixtures, consideration is given to the possibility of 
changes in the physicochemical properties of the test substance during collection, 
storage, extraction, concentration and delivery. Chemical and toxicological interactions 
of the components of mixtures may result in nonlinear dose-response relationships. 

An assessment is made as to the relevance to human exposure of samples tested in 
experimental animals, which may involve consideration of: (i) physical and chemical 
characteristics, (ii) constituent substances that indicate the presence of a class of 
substances, (iii) the results of tests for genetic and related effects, including studies on 
DNA adduct formation, proto-oncogene mutation and expression and suppressor gene 
inactivation. The relevance of results obtained, for example, with animal viruses 
analogous to the virus being evaluated in the monograph must also be considered. They 
may provide biological and mechanistic information relevant to the understanding of the 
process of carcinogenesis in humans and may strengthen the plausibility of a conclusion 
that the biological agent under evaluation is carcinogenic in humans. 

(n) Qualitative aspects 

An assessment of carcinogenicity involves several considerations of qualitative 
importance, including (i) the experimental conditions under which the test was per¬ 
formed, including route and schedule of exposure, species, strain, sex, age, duration of 
follow-up; (ii) the consistency of the results, for example, across species and target 
organ(s), (iii) the spectrum of neoplastic response, from preneoplastic lesions and benign 
tumours to malignant neoplasms; and (iv) the possible role of modifying factors. 

As mentioned earlier (p. 11), the Monographs are not intended to summarize all 
published studies. Those studies in experimental animals that are inadequate (e.g., too 
short a duration, loo few animals, poor survival; see below) or are judged irrelevant to 
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the evaluation are generally omitted. Guidelines for conducting adequate long-term 
carcinogenicity experiments have been outlined (e.g. Montesano et al., 1986). 

Considerations of importance to the Working Group in the interpretation and eva¬ 
luation of a particular study include: (i) how clearly the agent was defined and, in the 
case of mixtures, how adequately the sample characterization was reported; (ii) 
whether the dose was adequately monitored, particularly in inhalation experiments; 
(iii) whether Ihe doses and duration of treatment were appropriate and whether the 
survival of treated animals was similar to that of controls; (iv) whether there were 
adequate numbers of animals per group; (v) whether animals of each sex were used; 
(vi) whether animals were allocated randomly to groups; (vii) whether the duration of 
observation was adequate; and (viii) whether the data were adequately reported. If 
available, recent data on the incidence of specific tumours in historical controls, as 
well as in concurrent controls, should be taken into account in the evaluation of tumour 
response. 

When benign tumours occur together with and originate from the same cell type in 
an organ or tissue as malignant tumours in a particular study and appear to represent a 
stage in the progression to malignancy, it may be valid to combine them in assessing 
tumour incidence (Huff et al, 1989). The occurrence of lesions presumed to be pre- 
neoplastic may in certain instances aid in assessing the biological plausibility of any neo¬ 
plastic response observed. If an agent or mixture induces only benign neoplasms that 
appear to be end-points that do not readily progress to malignancy, it should nevertheless 
be suspected of being a carcinogen and requires further investigation. 

(b) Quantitative aspects 

The probability that tumours will occur may depend on the species, sex, strain and 
age of the animal, the dose of the carcinogen and the route and length of exposure. 
Evidence of an increased incidence of neuplasms with increased level of exposure 
strengthens the inference of a causal association between the exposure and the develop¬ 
ment of neoplasms. 

The form of the dose-response relationship can vary widely, depending on the 
particular agent under study and the target organ. Both DNA damage and increased cell 
division are important aspects of carcinogenesis, and cel! proliferation is a strong deter¬ 
minant of dose-response relationships for some carcinogens (Cohen & Ellwein, 1990). 
Since many chemicals require metabolic activation before being converted into their 
reactive intermediates, both metabolic and pharmacokinetic aspects are important in 
determining the dose-response pattern. Saturation of steps such as absorption, activation, 
inactivation and elimination may produce nonlinearity in the dose-response relationship, ■ 
as could saturation of processes such as DNA repair (Hoel et al ., 1983; Gart el al. ,1986). 
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(c) Statistical analysis of long-term experiments in animals 

Factors considered by the Working Group include the adequacy of the information 
given for each treatment group: (i) the number of animals studied and the number 
examined histologically, (ii) the number of animals with a given tumour type and 
(iii) length of survival. The statistical methods used should be clearly stated and should 
be the generally accepted techniques refined for this purpose (Peto et ai, 1980; Gart 
el al ., 1986). When there is no difference in survival between control and treatment 
groups, the Working Group usually compares the proportions of animals developing each 
tumouT type in each of the groups. Otherwise, consideration is given as to whether or not 
appropriate adjustments have been made for differences in survival. These adjustments 
can include: comparisons of the proportions of tumour-bearing animals among the 
effective number of animals (alive at the time the first tumour is discovered), in the case 
where most differences in survival occur before tumours appear; life-table methods, 
when tumours are visible or when they may he considered ‘fatal’ because mortality 
rapidly follows tumour development; and the Mantel-Haenszel test or logistic regression, 
when occult tumours do not affect the animals’ risk of dying but are ‘incidental’ findings 
at autopsy. 

In practice, classifying tumours as fatal or incidental may be difficult. Several 
survival-adjusted methods have been developed that do not require this distinction (Cart 
et ai, 1986), although they have not been fully evaluated. 

10. OTHER DATA RELEVANT TO AN EVALUATION OF 

CARCINOGENICITY AND ITS MECHANISMS 

In coming to an overall evaluation of carcinogenicity in humans (see pp. 25-27), the 
Working Group also considers related data. The nature of the information selected for the 
summary depends on the agent being considered. 

For chemicals and complex mixtures of chemicals such as those in some occupa¬ 
tional situations or involving cultural habits (e.g. tobacco smoking), the other data consi¬ 
dered to be relevant are divided into those on absorption, distribution, metabolism and 
excretion; toxic effects; reproductive and developmental effects; and genetic and related 
effects. 

Concise information is given on absorption, distribution (including placental 
transfer) and excretion in both humans and experimental animals. Kinetic factors that 
may affect the dose-response relationship, such as saturation of uptake, protein binding, 
metabolic activation, detoxification and DNA repair processes, are mentioned. Studies 
that indicate the metabolic fate of the agent in humans and in experimental animals are 
summarized briefly, and comparisons of data on humans and on animals are made when 
possible. Comparative information on the relationship between exposure and the dose 
that reaches the target site may be of particular importance for extrapolation between 
species. Data are given on acute and chronic toxic effects (other than cancer), such as 


organ toxicity, increased cell proliferation, immunotoxicity and endocrine effects. The 
presence and toxicological significance of cellular receptors is described. Effects on 
reproduction, teratogenicity, fetotoxicity and cmbryotoxicity arc also summarized 
briefly. 

Tests of genetic and related effects are described in view of the relevance of gene 
mutation and chromosomal damage to carcinogenesis (Vainio et ai, 1992; McGregor 
et ai, 1999). The adequacy of the reporting of sample characterization is considered and, 
where necessary, commented upon; with regard to complex mixtures, such comments are 
similar to those described for animal carcinogenicity tests on p. 18. The available data 
are interpreted critically by phylogenetic group according to the end-points detected, 
which may include DNA damage, gene mutation, sister chromatid exchange, micro¬ 
nucleus formation, chromosomal aberrations, aneuploidy and cell transformation. The 
concentrations employed are given, and mention is made of whether use of an exogenous 
metabolic system in vitro affected the test result. These data are given as listings of test 
systems, data and references. The data on genetic and related effects presented in the 
Monographs are also available in the form of genetic activity' profiles (GAP) prepared in 
collaboration with the United States Environmental Protection Agency (EPA) (see also 
Waters et ai, 1987) using software for personal computers that are Microsoft Windows® 
compatible. The EIWIARC GAP software and database may be downloaded free of 
charge from www.epa.gov/gapdb. 

Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and 
cultured mammalian cells suggest that genetic and related effects could occur in 
mammals. Results from such tests may also give information about the types of genetic 
effect produced and about the involvement of metabolic activation. Some end-points 
described are clearly genetic in nature (e.g,, gene mutations and chromosomal aberra¬ 
tions), while others are to a greater or lesser degree associated with genetic effects (e.g. 
unscheduled DNA synthesis). In-vitro tests for tumour-promoting activity and for cell 
transformation may be sensitive to changes that are not necessarily the result of genetic 
alterations but that may have specific relevance to the process of carcinogenesis. A 
critical appraisal of these tests has been published (Montesano et ai, 1986). 

Genetic or other activity detected in experimental mammals and humans is regarded 
as being of greater relevance than that in other organisms. The demonstration that an 
agent or mixture can induce gene and chromosomal mutations in whole mammals indi¬ 
cates that it may have carcinogenic activity, although this activity may not be detectably 
expressed in any or all species. Relative potency in tests for mutagenicity and related 
effects is not a reliable indicator of carcinogenic potency. Negative results in tests for 
mutagenicity in selected tissues from animals treated in vivo provide less weight, partly 
because they do not exclude the possibility of an effect in tissues other than those 
examined. Moreover, negative results in short-term tests with genetic end-points cannot 
he considered to provide evidence to rule out carcinogenicity of agents or mixtures that 
act through other mechanisms (e.g. receptor-mediated effects, cellular toxicity with 
regenerative proliferation, peroxisome proliferation) (Vainio et ai, 1992). Factors that 
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may lead to misleading results in short-term tests have been d iscussed in detail elsewhere 
(Montesanoe/a/., 1986). 

When available, data relevant to mechanisms of carcinogenesis that do not involve 
structural changes at the level of the gene are also described. 

The adequacy of epidemiological studies of reproductive outcome and genetic and 
related effects in humans is evaluated by the same criteria as are applied to epidemio¬ 
logical studies of cancer. 

Structure-activity relationships that may be relevant to an evaluation of the carcino¬ 
genicity of an agent are also described. 

For biological agents — viruses, bacteria and parasites—other data relevant to 
carcinogenicity include descriptions of the pathology of infection, molecular biology 
(integration and expression of viruses, and any genetic alterations seen in human 
tumours) and other observations, which might include cellular and tissue responses to 
infection, immune response and the presence of tumour markers. 

11. SUMMARY OF DATA REPORTED 

In this section, the relevant epidemiological and experimental data arc summarized. 
Only reports, other than in abstract form, that meet the entena outlined on p. 11 are 
considered for evaluating carcinogenicity. Inadequate studies are generally not summarized: 
such studies are usually identified by a square-bracketed comment in the preceding text. 

(a) Exposure 

Human exposure to chemicals and complex mixtures is summarized on the basis of 
elements such as production, use, occurrence in the environment and determinations in 
human tissues and body fluids. Quantitative data are given when available. Exposure to 
biological agents is described in terms of transmission and prevalence of infection. 

(b) Carcinogenicity in humans 

Results of epidemiological studies that are considered to be pertinent to an 
assessment of human carcinogenicity are summarized. When relevant, case reports and 
correlation studies are also summarized. 

(c) Caivinogenicity in experimental animals 

Data relevant to an evaluation of carcinogenicity in animals are summarized, For 
each animal species and route of administration, it is stated whether an increased 
incidence of neoplasms or preneoplastic lesions was observed, and the tumour sites arc 
indicated. If the agent or mixture produced tumours after prenatal exposure or in single- 
dose experiments, this is also indicated. Negative findings are also summarized. Dose- 
response and other quantitative data may be given when available. 


(d) Other data relevant to an evaluation of carcinogenicity and its mechanisms 

Data on biological effects in humans that are of particular relevance are summarized. 
These may include toxicological, kinetic and metabolic considerations and evidence of 
DNA binding, persistence of DNA lesions or genetic damage in exposed humans. Toxi¬ 
cological information, such as that on cytotoxicity and regeneration, receptor binding 
and hormonal and immunological effects, and data on kinetics and metabolism in 
experimental animals are given when considered relevant to the possible mechanism of 
the carcinogenic action of the agent. The results of tests for genetic and related effects 
are summarized for whole mammals, cultured mammalian cells and nonmammalian 
systems. 

When available, comparisons of such data for humans and for animals, and parti¬ 
cularly animals that have developed cancer, are described. 

Structure-activity relationships are mentioned when relevant. 

For the agent mixture nr exposure circumstance being evaluated, the available data on 
end-points or other phenomena relevant to mechanisms of carcinogenesis Horn studies in 
humans, experimental animals and tissue and cell test systems are summarized within one 
or more of the following descriptive dimensions: 

(i) Evidence of genotoxicity (structural changes at the level of the gene): for 
example, structure-activity considerations, adduct formation, mutagenicity (effect on 
specific genes), chromosomal mutation/aneuploidy 

(ii) Evidence of effects on the expression of relevant genes (functional changes at 
the intracellular level): for example, alterations to the structure or quantity of the product 
ot a proto-oncogene or tumour-suppressor gene, alterations to metabolic activation/inac- 
tivation/DNA repair 

(iii) Evidence of relevant effects on cell behaviour (morphological or behavioural 
changes at the cellular or tissue level): for example, induction of mitogenesis, compen¬ 
satory cell proliferation, preneoplasia and hyperplasia, survival of premalignant or mali¬ 
gnant cells (immortalization, immunosuppression), effects on metastatic potential 

(iv) Evidence from dose and time relationships of carcinogenic effects and inter¬ 
actions between agents: for example, early/late stage, as inferred from epidemiological 
studies; initiation/promotion/progression/malignant conversion, as defined in animal 
carcinogenicity experiments; toxicokinetics 

These dimensions are not mutually exclusive, and an agent may fall within more than 
one of them. Thus, for example, the action of an agent on the expression of relevant genes 
could be summarized under both the first and second dimensions, even if it were known 
with reasonable certainty that those effects resulted from genotoxicity. 

12. EVALUATION 

Evaluations of the strength of the evidence for carcinogenicity arising from human 
and experimental animal data are made, using standard terms. 
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Jt is recognized that the criteria for these evaluations, described below, cannot 
encompass all Of the factors that may be relevant to an evaluation of carcinogenicity. In 
considering all of the relevant scientific data, the Working Group may assign the agent, 
mixture or exposure circumstance to a higher or lower category than a strict inter* 
pretation of these criteria would indicate. 

(n) Degrees of evidence for carcinogenicity in humans and in experimental 
animals and supporting evidence 

These categories refer only to the strength of the evidence that an exposure is carcino¬ 
genic and not to the extent of its carcinogenic activity (potency) nor to the mechanisms 
involved. A classification may change as new information becomes available. 

An evaluation of degree of evidence, whether for a single agent or a mixture, is limited 
to the materials tested, as defined physically, chemically or biologically. When the agents 
evaluated are considered by the Working Group to he sufficiently closely related, they 
may be grouped together for the purpose of a single evaluation of degree of evidence. 

(i) Carcinogenicity in humans 

Hie applicability of an evaluation of the carcinogenicity of a mixture, process, occu¬ 
pation or industry on the basis of evidence from epidemiological studies depends on the 
variability over time and place of the mixtures, processes, occupations and industries. 
The Working Group seeks to identify the specific exposure, process or activity which is 
considered most likely to be responsible for any excess risk. The evaluation is focused as 
narrowly as the available data on exposure and other aspects permit. 

The evidence relevant to carcinogenicity from studies in humans is classified into 
one of the following categories: 

Sufficient evidence of carcinogenicity: The Working Group considers that a causa! 
relationship has been established between exposure to the agent, mixture or exposure 
circumstance and human cancer. That is, a positive relationship has been observed 
between the exposure and cancer in studies in which chance, bias and confounding could 
be ruled out with reasonable confidence. 

Limited evidence of carcinogenicity: A positive association has been observed 
between exposure to the agent, mixture or exposure circumstance and cancer for which 
a causal interpretation is considered by the Working Group to be credible, but chance, 
bias or confounding could not be ruled out with reasonable confidence. 

Inadequate evidence of carcinogenicity: The available studies are of insufficient 
quality, consistency or statistical power to permit a conclusion regarding the presence or 
absence of a causal association between exposure and cancer, or no data on cancer in 
humans are avaiiable. 

Evidence, suggesting lack of carcinogenicity: There are several adequate studies 
covering the foil range of levels of exposure that humau beings are known to encounter, 
which are mutually consistent in not showing a positive association between exposure to 


the agent, mixture or exposure circumstance and any studied cancer at any observed level 
of exposure. A conclusion of‘evidence suggesting lack of carcinogenicity’ is inevitably 
limited to the cancer sites, conditions and levels of exposure and length of observation 
covered by the available studies. In addition, the possibility of a very small risk at the 
levels of exposure studied can never be excluded. 

In some instances, the above categories may be used to classify the degree of evi¬ 
dence related to carcinogenicity in specific organs or tissues. 

(ii) Carcinogenicity in experimental animals 

The evidence relevant to carcinogenicity in experimental animals is classified into 
one of the following categories: 

Sufficient evidence of carcinogenicity: The Working Group considers that a causal 
relationship has been established between the agent or mixture and an increased inci¬ 
dence of malignant neoplasms or of an appropriate combination of benign and malignant 
neoplasms in (a) two or more species of animals or (b) in two or more independent 
studies in one species carried out at different times or in different laboratories or under 
different protocols. 

Exceptionally, a single study in one species might be considered to provide sufficient 
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with 
regard to incidence, site, type of tumour or age at onset. 

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are 
limited for making a definitive evaluation because, c.g. (a) the evidence of carcino¬ 
genicity is restricted to a single experiment; or (b) there are unresolved questions 
regarding the adequacy of the design, conduct or interpretation of the study; or (c) the 
agent or mixture increases the incidence only of benign neoplasms or lesions of uncertain 
neoplastic potential, or of certain neoplasms which may occur spontaneously in high 
incidences in certain strains. 

inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing 
either the presence or absence of a carcinogenic effect because of major qualitative or 
quantitative limitations, or no data on cancer in experimental animals are available. 

Evidence suggesting lack af carcinogenicity: Adequate studies involving at least two 
species are available which show that, within the limits of the tests used, the agent or 
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity 
is inevitably limited to the species, tumour sites and levels of exposure studied. 

(A) Other data relevant to the evaluation of carcinogenicity and its mechanisms 

Other evidence judged to be relevant to an evaluation of carcinogenicity and of 
sufficient importance to affect the overall evaluation is then described. This may include 
data on preneoplastic lesions, tumour pathology, genetic and related effects, structure- 
activity relationships, metabolism and pharmacokinetics, physicochemical parameters 
and analogous biological agents. 
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Data relevant to mechanisms of the carcinogenic action are also evaluated. The 
strength of the evidence that any carcinogenic effect observed is due to a particular 
mechanism is assessed, using terms such as weak, moderate or strong. Then, the Working 
Group assesses if that particular mechanism is likely to be operative in humans. The 
strongest indications that a particular mechanism operates in humans come troni data on 
humans or biological specimens obtained frnm exposed humans. The data may be consi¬ 
dered to be especially relevant if they show that the agent in question has caused changes 
in exposed humans that are on the causal pathway to carcinogenesis. Suclt data may, 
however, never become available, because it is at least conceivable that certain com¬ 
pounds may be kept from human use solely on the basis of evidence of their toxicity 
and/or carcinogenicity in experimental systems. 

For complex exposures, including occupational and industrial exposures, the 
chemical composition and the potential contribution of carcinogens known to be present 
are considered by the Working Group in its overall evaluation of human carcinogenicity. 
The Working Group also determines the extent to which the materials tested in experi¬ 
mental systems are related to those to which humans are exposed. 

(c) Overall evaluation 

Finally, the body of evidence is considered as a whole, in order to reach an overall 
evaluation of the carcinogenicity to humans of an agent, mixture or circumstance of 
exposure. 

An evaluation may be made for a group of chemical compounds that have been eva¬ 
luated by the Working Group. In addition, when supporting data indicate that other, 
related compounds for which there is no direct evidence of capacity to induce cancer in 
humans or in animals may also be carcinogenic, a statement describing the rationale for 
this conclusion is added to the evaluation narrative; an additional evaluation may be 
made for this broader group of compounds if the strength of the evidence warrants it. 

The agent, mixture ui exposure circumstance is described according to the wording 
of one of the following categories, and the designated group is given. The categorization 
of an agent, mixture or exposure circumstance is a matter of scientific judgement, reflec¬ 
ting the strength of the evidence derived from studies in humans and in experimental 
animals and from other relevant data. 

Group I — The agent (mixture) is carcinogenic to humans. 

The exposure circumskince entails exposures that are carcinogenic to humans. 

This category is used when there is sufficient evidence of carcinogenicity in humans. 
Exceptionally, an agent (mixture) may be placed in this category when evidence of carci¬ 
nogenicity in humans is less than sufficient but there is sufficient evidence of carcino¬ 
genicity in experimental animals and strong evidence in exposed humans that the agent 
(mixture) acts through a relevant mechanism of carcinogenicity. 


Group 2 

This category includes agents, mixtures and exposure circumstances for which, at 
one extreme, the degree of evidence of carcinogenicity in humans is almost sufficient, as 
well as those for which, at the other extreme, there are no human data but for which there 
is evidence of carcinogenicity in experimental animais. Agents, mixtures and exposure 
circumstances are assigned to either group 2A (probably carcinogenic to humans) or 
group 2B (possibly carcinogenic to humans) on the basis of epidemiological and experi¬ 
mental evidence of carcinogenicity and other relevant data. 

Group 2A — The agent (mixture) is probably carcinogenic to humans. 

The exposure circumstance entails exposures that are probably carcinogenic to 
humans. 

This category is used when there is limited evidence of carcinogenicity in humans 
and sufficient evidence of carcinogenicity in experimental animals, In some cases, an 
agent (mixture) may be classified in this category when there is inadequate evidence of 
carcinogenicity in humans, sufficient evidence of carcinogenicity in experimental 
animais and strong evidence that the carcinogenesis is mediated by a mechanism that 
also operates in humans. Exceptionally, an agent, mixture or exposure circumstance may 
be classified in this category solely on the basis of limited evidence of carcinogenicity in 
humans. 

Group 2B — The agent (mixture) is possibly carcinogenic to humans. 

The exposure circumstance entails exposures that are possibly carcinogenic to 
humans. 

This category is used for agents, mixtures and exposure circumstances for which 
there is limited evidence of carcinogenicity in humans and less than sufficient evidence 
or carcinogenicity in experimental animals. It may also be used when there is inadequate 
evidence of carcinogenicity in humans but there is sufficient evidence of carcinogenicity 
in experimental animals. In some instances, an agent, mixture or exposure circumstance 
for which there is inadequate evidence of carcinogenicity in humans but limited evidence 
of carcinogenicity in experimental animals together with supporting evidence from other 
relevant data may be placed in this group. 

Group 3 — The agent (mixture or exposure circumstance) is not classifiable as to its 
carcinogenicity to humans. 

This category is used most commonly for agents, mixtures and exposure circums¬ 
tances for which the evidence of carcinogenicity is inadequate in humans and inadequate 
or limited in experimental animals. 

Exceptionally, agents (mixtures) for which the evidence of carcinogenicity is inade¬ 
quate in humans but sufficient in experimental animals may be placed in this category 
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when there is strong evidence that the mechanism of carcinogenicity in experimental 
animals does not operate in humans. 

Agents, mixtures and exposure circumstances that do not fall into any other group are 
also placed in this category, 

Group 4 — The agent (mixture) is probably not carcinogenic to humans. 

This category is used for agents or mixtures for which there is evidence suggesting 
lack of carcinogenicity in humans and in experimental animals. In some instances, agents 
or mixtures for which there is inadequate evidence of carcinogenicity in humans but 
evidence suggesting lack of carcinogenicity in experimental animals, consistently and 
Strongly supported by a broad range of other relevant data, may be classified in this group. 
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Future worldwide health effects of current smoking patterns 

As a cause of human cancer, tobacco smoke is uniquely important, in some popu¬ 
lations it has, in recent decades, caused about half of all cancer deaths in men, plus a 
smaller, but increasing proportion of cancer deaths in women. Worldwide, it causes more 
cancer deaths than can be attributed to all other known causes of the disease and, in addi¬ 
tion, it causes even more deaths from vascular and respiratory diseases than from cancer 
(US DHHS, 1989; Pcto et al, i994; Parkin el al ., 2000). 

The fact that prolonged cigarette smoking is a cause—and the major cause — of lung 
cancer was reliably established during the 1950s, as was the fact that it can also cause 
several other types of cancer and various other diseases (for a historical review, see Doll, 
1998). In the previous !ARC Monograph on tobacco smoking (IARC, 1986), it was con¬ 
cluded that there was sufficient evidence that the habit could cause not only lung cancer, 
but also cancers of the upper aerodigestive tract, pancreas and lower urinary tract. 
Section 2 of the present monograph on tobacco smoke reviews and confirms these quali¬ 
tative conclusions about particular types of cancer. It also reviews epidemiological studies 
on other types of cancer, which provide good evidence for some cancers (e.g, of the 
breast, endometrium and prostate) that smoking is of little or no causal relevance, 
findings for other cancers (of the stomach, liver and cervix, renal-cell carcinoma and 
myeloid leukaemia) provide sufficient evidence that they can be caused by smoking, i.e. 
that smoking can increase their age-specific incidence rates. Other sections review the 
changing patterns of exposuie, and the experimental evidence that tobacco smoke con¬ 
tains many chemicals that can, under certain circumstances, induce DNA damage or 
cancer in experimental animals. These qualitative conclusions about the many different 
chemicals in smoke and the many different types of cancer caused in humans do not, 
however, adequately reflect the real magnitude of the overall effects of smoking on morta¬ 
lity. This general introduction therefore summarizes the net effects of smoking on morta¬ 
lity from all cancers and overall mortality (for individuals and for populations), and indi¬ 
cates the extent to which individuals or populations who have already smoked for some 
years or decades can still limit these risks by cessation of the habit. Smoking lowers the 
risk for a few diseases and for one cancer (endometrial carcinoma), but this reduced risk 
is inconsequential, when compared with the net detriment of smoking to health. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Persistent cigarette smoking throughout adult life 

Two observations are of particular relevance to assessing the current and future 
hazards of smoking. First, cigarettes, as commonly smoked during the twentieth century, 
have proved to be substantially more hazardous than other forms of tobacco that were 
commonly smoked in the nineteenth century. Second, the earlier in life that cigarette 
smoking is fully established, the greater are the hazards among persistent smokers in 
middle and old age. These differences in hazard can be substantial: for example, a diffe¬ 
rence of only a few years in the age at which smoking was established may lead to an 
approximately twofold difference in hazard many years later (Doll & Peto, 1981), Thus, 
national rates for lung cancer in people of around 70 years of age depend strongly on the 
intensity of pulmonary exposure to cigarette smoke half a century ago, when they were 
about 20 years of age. Retrospective assessment of smoking behaviour in previous 
decades, however, is snhject to error; this limits the ability of epidemiological data to. 
identify the ensuing consequences of earlier smoking. Current disease rates also depend 
strongly on current smoking patterns; even after a few decades of smoking, people who 
stop smoking before they develop lung cancer (or some other serious disease) decrease 
their risk of death from the habit: see Figure 1. 

This dependence of current disease rates (not only on current smoking patterns but 
also on cigarette smoking patterns many decades earlier) implies a delay of about half a 
century between an upsurge in cigarette use by young adults in a particular population and 
the main upsurge in cases of lung cancer, and of some of the other smoking-related 
diseases, that eventually results. In contrast with this extremely lung delay between 
increases in smoking and increases in risk, population-wide decreases in tobacco smoking 
can produce substantial benefits within just one or two decades. 
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Figure I. Cumulative risk (%) of death from lung cancer (in the absence of other 
causes of death) in men at ages 45-75 years: in continuing cigarette smokers, ex-ciga¬ 
rette smokers who stopped at age 50 or at age 30 and lifelong nonsmokers, based on 
lung cancer death rates for men in the United Kingdom in 1991) 



From Peto el a!. (3000) 

1 Nonsmoker risks are taken from a US prospective study of mortality 


Emerging hazards 

Tobacco has been used for many centuries, originally in America, then in the sixteenth 
and seventeenth centuries in Europe, and subsequently throughout the world. The reasons 
for its widespread use are still imperfectly understood, but there are both psychosocial and 
pharmacological factors involved. Nicotine is addictive for many smokers, but other 
components of the smoke from tobacco, or from flavourants or other chemicals added to 
tobacco, may also be important. At first tobacco was smoked in pipes or as cigars: later, 
‘bidis 1 , consisting of a small amount of tobacco wrapped in the leaf of another plant, 
began to be smoked in South Asia. Cigarettes, which would eventually cause much greater 
harm than did pipe or cigar smoking in the nineteenth centuiy, only began to be 
manufactured in the second half of the nineteenth century; even in the early years of the 
twentieth century, cigarette consumption still remained low. Thereafter, however, 
cigarette consumption by men increased rapidly in the United Kingdom, the USA and 
several other industrialized countries, followed (decades later) by increased cigarette 
consumption by women in developed countries and also by men in developing countries. 


(For example, although the main increase in cigarette consumption by men was even¬ 
tually about as great in China as in the United Kingdom or the USA, it took place about 
50 years later, i.e. in the last quarter of the twentieth century, and its full effects on the 
mortality rates for Chinese men may take several more decades to emerge.) At present, 
cigarette consumption by women in developing countries is still relatively low, 

In some countries, the spread of cigarette smoking during the twentieth century was 
driven or maintained by extensive advertising and promotion by tobacco companies. 
More recently, substantial efforts have been made in some countries to discourage 
smoking, and over the past few decades, cigarette consumption has been halved in a few 
countries such as the USA and the United Kingdom. Worldwide, however, about a 
thousand million men and a quarter of a thousand million women now smoke, consuming 
5,5 million million cigarettes a year (plus many other tobacco products), and about 30 
million young adults take up the habit each year (see Section 1). The emergence of 
increasingly large multinational tobacco companies with global reach could result in even 
more tobacco use in the future. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Because the main hazards of cigarette smoking in middle age (35-69 years) take 
several decades to become substantial, it was not until the 1950s (several decades after 
cigarette smoking became widespread) that clear medical evidence emerged, particularly 
from the USA and the United Kingdom, that smoking was a major cause of many fatal 
diseases, and was responsible for almost half of all male mortality in middle age. The 
main hazards in old age (> 70 years) take even longer — at least half a century — to 
become substantial, so only in recent decades has it become apparent that, for men in 
developed countries, about half of all persistent cigarette smokers would eventually be 
killed by the habit (a quarter in middle age plus a quarter in old age) (Doll el ai, 1994). 
In addition, during the past quarter of a century, it has become increasingly dear that, 
although the main hazard is to the individual who smokes, there is some cancer hazard to 
nonsmokers (including former smokers) from exposure to secondhand tobacco smoke 
(see monograph on involuntary smoking, this volume). 

Figure 2 illustrates the effects of persistent cigarette smoking on mortality throughout 
adult life in male doctors in the United Kingdom: the difference in survival at age 70 years 
(i.e, 83% among nonsmokers versus 60% among smokers) reflects the fact that about one- 
quarter of the smokers had been killed by tobacco in middle age (35-69 years). Moreover, 
of those still alive at age 70 years, two-fifths of the nonsmokers and one-fifth of the 
smokers were still alive at 85 years of age. Among male doctors in the United Kingdom,, 
many of those who had smoked substantial numbers of cigarettes for a long time gave up 
the habit permanently when clear evidence of its hazards emerged, and the extent to which 
cessation, even in middle age, eventually avoided hazard is illustrated in Figure 3. 
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mortality in the USA during the second half of the twentieth century, first among men and 
then among women, is chiefly the inevitable but delayed effect of the rise in cigarette con¬ 
sumption during the first half of the twentieth century. 

Figure 2. Effects of persistent cigarette smoking on the probability of surviving from 
35 years to various ages 



From Doll el al. (1994) 


Trends in tobacco-attributed mortality in the United Kingdom and the USA, 
1950-99 

Cigarette smoking first became widespread among both men and women in the 
United Kingdom and the USA, and large epidemiological studies by the American Cancer 
Society yield indirect estimates of the overall cancer mortality attributed (and, by 
subtraction, that not attributed) to smoking over the past half century (1950-99) in those 
two countries (Figures 4 and 5). In the 1960s, men in the United Kingdom were probably 
the woTst-affeeted major population in the world, but in recent decades male mortality 
from tobacco has declined substantially in the United Kingdom (Figure 4). In the USA, 
however, the mortality rate among men is only just beginning to decline substantially, 
whereas that among women in the USA has increased. In 1990,34% of all cancer deaths 
in the USA were attributed to smoking (90% of the lung cancer deaths and 13% of the 
deaths from other, or unspecified, types of cancer; Table 1). Of the cancer deaths in the 
USA in 1990 that were attributed to smoking, three-quarters involved lung cancer (72% 
specified as such, plus one-third of the few deaths from cancer of an unspecified site). In 
people aged 35-69 years, the proportion of all cancer deaths in the USA in 1990 that were 
attributed to smoking was 40% (52% male, 27% female); at older ages, il was 31%. Rela¬ 
tively few deaths from cancer occur at younger ages. The rise in tobacco-attributed cancer 


Figure 3. Effects of smoking cessation at ages 3M4 (broken line) on survival from 
age 35 



From Doll et at. (1994) 

Even in middle age, those who stop before they have incurable cancer, or some other serious disease, avoid 
most of their subsequent risk of death from tobacco; stopping earlier is even more effective. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Figure 4. Cancer mortality rates in the United Kingdom, 1950-21)00, subdivided into 
the parts attributed, and not attributed to smoking 


United Kingdom, 1950-2000 United Kingdom, 1950-2000 

MALE cancer mortality at ages 35-69 FEMALE cancer mortality at ages 35-69 



1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000 


United Kingdom, 1950-2000 
Total cancer mortality 
at ages 0-34 and 35-09 



1950 1960 1970 1980 1990 2000 


From Pcto eta/. (1994) 

'Mean of annual rales per 100 000 in component 5-ycar age groups 


Figure 5, Cancer mortality rates in the USA, 1950-2000, subdivided into the parts 
attributed, and nut attributed to smoking 


United States, 1950-2000 United States, 1960-2000 

MALE cancer mortality at ages 35-69 FEMALE cancer mortality at ages 35-69 



1950 I 960 1970 1980 1990 2000 1954 I 960 1970 1980 1990 2000 


United Slates, 1950-2000 
Total cancer mortality 
at ages 0-34 and 35-69 



1950 I960 1970 1990 1990 2000 

From Petor’ln/. (1904) 

'Mean of annual rates per 100 000 in component 5-year age groups 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1. Deaths in the ISA based on the Cancer Preven¬ 
tion Study II in 1990 attributed to smoking/total number 
of deaths (thousands) 




0-34 

35-69 

>70 

All ages 

Lung cancer 

Male 

_ 

45/48 

39/43 

84/91 


Female 

- 

22/26 

20/24 

43/50 


Both 

- 

68/75 

59/66 

127/141 




(91%) 

(89%) 

(90%) 

Al! cancers 

Male 

-15 

64/123 

56/140 

120/268 


Female 

-74 

28/104 

26/129 

54/237 


Both 

-19 

92/228 

83/269 

174/505 




(40%) 

(31%) 

(34%) 

All causes 

Male 

-/103 

150/415 

136/595 

286/1113 


Female 

-74* 

73/257 

1(12/730 

175/1035 


Both 

-7151 

223/672 

238/1325 

461/2148 




(33%) 

(18%) 

(21%) 


From Petn et at. (1094) 
not available 


Table 1 also indicates that tobacco smoking caused substantially more deaths from 
vascular, respiratory and other non-neoplastic causes than from cancer. The proportion of 
all deaths in the USA (neoplastic, vascular, respiratory or other causes) at ages 35-69 
years that were attributed to tobacco was 33% in 1990, compared with only 12% in 1950. 

Trends in tobacco-attributed mortality in developed and developing countries 

In the aggregate of all developed countries, the epidemic of death from tobacco of 
men in middle age may have reached its peak by about 1990, and was by then almost as 
great as that in the USA (Table 2). In 1990, the epidemic in women, however, although 
still increasing, was less than half as great in the aggregate of all developed countries as 
it was in the USA. If current smoking patterns persist, the main increases in tobacco 
deaths over the next few decades are likely to be among women in developed countries 
and, in particular, among men in developing countries. In some of the developing 
countries, the populations are large and cigarette consumption by men in these countries 
has increased substantially in recent decades (Table 3). 

Worldwide, the only major causes of mortality that are currently increasing rapidly are 
HIV, tobacco and, probably, obesity (Doll et al ., 1994; Peto et al, 1994; Ad Hoc 
Committee on Health Research, 1996; Murray & Lopez, 1996; WHO, 1997; Peto et al, 
1999). If current smoking patterns persist, there will be about one thousand million deaths 
from tobacco during the twenty-first century, as against ‘only’ about 0.1 thousand million 
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Table 2. All developed countries: deaths based on the Cancer 
Prevention Study II in 1990 attributed to smoking/total 
number of deaths (thousands) 




0-34 

35-69 

>70 

All ages 

Lung cancer 

Male 

■71 

231/246 

141/156 

372/402 


Female 

-71 

44/64 

42/61 

86/125 


Both 

-72 

275/310 

183/217 

458/529 




(89%) 

(84%) 

(87%) 

All cancers 

Male 

-IV 

360/736 

212/600 

572/1362 


Female 

■m 

56/500 

56/564 

112/1087 


Both 

-ISO 

416/1236 

268/1 164 

684/2449 




(34%) 

(23%) 

(28%) 

Alt causes 

Male 

7504 

865/2458 

554/2851 

1419/5813 


Female 

7244 

160/1376 

236/3998 

396/5618 


Both 

7748 

1025/3834 

790/6849 

1815/11431 




(27%) 

(12%) 

(16%) 


From Peto et al. (1994) 
not available 


(100 million) during the whole of the twentieth century (Table 4). About half of these 
deaths will be of people in middle age (35-69 years) rather than old age — and those 
killed by tobacco in middle age lose, on average, more than 20 years of life expectancy 
when compared with nonsmokers. 

There are two main reasons for expecting this large increase in tobacco deaths. First, 
the population of middle-aged and old people worldwide is expected to increase, Second, 
the proportion of deaths in middle and old age that are caused by tobacco is expected to 
increase over the next few decades as a result of the delayed effects of the large increase 
in cigarette smoking among young adults over the past few decades (Doll et al., 1994; 
Peto et a!., 1994; Ad Hoc Committee on Health Research, 1996; Murray & Lopez, 1996; 
WHO, 1997; Peto et al, 1999). Among persistent cigarette smokers, the risk of death 
from tobacco-related diseases in middle or old age is particularly great (about 1 in 2) only 
for those who start smoking in early adult life (Doll & Peto, 1981; Peto, 1986; Doll eta!., 
1994; Peto et at., 1994). Hence, the numbers of deaths from tobacco around the year 2000 
were strongly influenced by the numbers of young adults who took up smoking around 
1950, whereas the numbers of young adults who took up smoking around the year 2000 
will strongly influence the numbers of deaths from tobacco around and beyond the year 
2050. 

In China, which is the largest and best studied of the developing countries (Liu et al., 
1998; Niu et al, 1998; Peto et al., 1999), the increase in cigarette consumption by men 
and the increase in tobacco-related deaths both lag almost exactly 40 years behind the 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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Table 3, Forty-year delay between cigarette 
smoking and mortality from tobacco-related 
diseases in US adults and Chinese men 


Cigarettes per day, by year 

US adults 


Chinese raen 


1910 

1 

1952 

1 

1930 

4 

1972 

4 

1950 

10 

1992 

10 

Proportion of overall mortality al ages 35-69 years 

attributed to tobacco 



US adults 


Chinese men 


1950 

12% 

1990 

12% 

1990 

33% 

2030 

33%* 


From Petg ef«/. (1999) 

1 Projection if current smoking patterns persist, i.e. two- 
thirds of the young men in mainland China start smoking 
cigarettes, and few give up the habit. In Hong Kong, where 
cigarette consumption by men reached its peak in the early 
1970s, the proportion of deaths that was attributed to tobac¬ 
co in men aged 35-69 years was one-third in 1998 (Lam 
etal., 2001). 


Table 4. Projected numbers of deaths from tobacco during 
the twenty-first century, if current smoking patterns persist 3 


Period 

Tobacco deaths (millions) 

2000-24 

-150 

2025-49 

-300 

2050-99 

>500 

Total, twenty-first century 

-1000 

(Twentieth century: for comparison) 

(-100) 


'Of 100 million people per year now reaching adulthood, -30 million become 
smokers. If most persist, and about half of those who do are eventually killed 
by smoking, then the annual number of tobacco-rclatcd deaths will eventually 
be 10-15 million. 


USA (Table 3). At present, few young women in China become smokers (Liu et al., 
1998). Cigarette consumption by Chinese men averaged 1,4 and 10 per day in 1952, 1972 
and 1992, respectively, with no further increase occurring during the past few years. The 
proportion of deaths attributed to tobacco in Chinese men at ages 35 69 years was 
measured to be 12% in 1990, and is projected to be about 33% in 2030 (Liu et al, 1998; 
Niu et al, 1998). Two-thirds of the young men become persistent smokers, and about half 
of those who do so will eventually be killed by the habit: therefore, about one-third of all 
the young men in China will eventually be killed by tobacco if current smoking patterns 
persist. China, which has 20% of the world’s population,' produces and consumes about 
30% of the world’s cigarettes, and a large nationwide study has shown that China already 
suffers almost a million deaths a year from tobacco-related diseases, a figure that is likely 
to double at least by 2025. 

Worldwide, about 4 million deaths a year are currently caused by tobacco; 2 million 
of these occur in developed and 2 million in developing countries, However, these current 
numbers reflect smoking patterns decades ago, and worldwide cigarette consumption has 
increased substantially over the past half century (WHO, 1997). At present, about 30% of 
young adults become persistent smokers and relatively few quit (except in selected popu¬ 
lations, such as educated adults living in parts of western Europe and North America). The 
main diseases by which smoking kills people differ substantially between different popu¬ 
lations, but there is no good reason to expect the overall 50% risk of death from persistent 
cigarette smoking to differ greatly between different populations. 

There are already well over one thousand million smokers, and by the 2030s about 
another thousand million young adults will, at current uptake rates, have started to smoke. 
Based on current smoking patterns, worldwide annua! mortality from tobacco is likely to 
rise from about 4 million around the year 2000 to about 10 million around the year 2030 
(i.e. 100 million per decade) (Peto et al, 1994), and will rise somewhat further in later 
decades. Tobacco is therefore expected to cause about 150 miilion deaths in the first 
quarter of the twenty-first century and 300 million in the second quarter. Predictions for 
the third and, particularly, the fourth quarter of the century are inevitably more specu¬ 
lative. However, if over the next few decades about 20-30 million young adults a year 
become persistent smokers and about half are eventually killed by their habit, then about 
10-15% of adult mortality in the second half of the century will be due to tobacco 
smoking (probably implying more than 500 million deaths due to tobacco for 2050-99; 
Table 4). 

The numbers of tobacco deaths predicted to occur before 2050 cannot be greatly 
reduced unless a substantial proportion of the adults who have already been smoking for 
some time give up Ihe habit. A decrease over the next decade or two in the proportion of 
children who become smokers will not have its main effects on mortality until the third 
, quarter of this century. 

The effects on tobacco deaths of adull smokers quitting before 2050 and of young 
people not starting to smoke after 2050 will probably be as follows: 

* 

i 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 



3006392013 


45 



r 


44 1ARC MONOGRAPHS VOLUME S3 

. Quitting : if many of the adults who now smoke were to give up Over the next 
decade or two, thus halving global cigarette consumption per adult by the year 
2020, this would prevent about one-third of tobacco-related deaths in 2020 and 
would almost halve tobacco-related deaths in the second quarter of the century. 
Such changes would avoid about 20 or 30 million tobacco-related deaths in the 
first quarter of the century and would avoid about 100 or 150 million in the 
second quarter. 

* Not starting : If, by progressive reduction over the next decade or two in the global 
uptake rate of smoking by young people, the proportion of young adults who 
become smokers were to be halved by 2020, this would avoid hundreds of 
millions of deaths from tobacco after 2050. It would, however, avoid almost none 
of the 150 million deaths from tobacco in the first quarter of the century, and 
would probably avoid ‘only’about 10 or 20 million of the 300 million deaths from 
tobacco in the second quarter of the century. 

Thus, using widely practicable ways ot helping large numbers of young people not to 
become smokers could avoid hundreds of millions of tobacco-related deaths in the middle 
and second half of the twenty-first century, but not before. In contrast, widely practicable 
ways of helping large numbers of adult smokers to quit (preferably before middle age, but 
also in middle age) might avoid one or two hundred million tobacco-related deaths in the 
fust hall of this century, barge numbers of deaths during the second half of the century 
could also be avoided if many of those who, despite warnings, still start to smoke in future 
years could be helped to stop before they are killed by the habit. Such calculations suggest 
that the effects of quitting could be more rapidly appreciated on a population scale than 
the effects of prevention of starting smoking. However, a more thorough evaluation of 
different strategies, in particular on a worldwide scale, and consideration of the speci¬ 
ficities of developed and developing countries, respectively, is outside the scope of the 
present monograph. 

Methodological considerations in interpreting epidemiological evidence on 
smoking and disease 

The epidemiological evidence on smoking and risk for disease comes largely from 
observational studies that compare the risk for disease in smokers with that in people who 
have never smoked. Evidence from such studies may be affected by bias and confounding, 
and chance may also explain the observ ed associations of smoking with risk for disease. 
Most of the evidence comes from case-control and cohort studies; both types of study are 
potentially subject to particular forms of bias. For case-control studies, comparability of 
cases and controls and success in their recruitment are particularly critical. For cohort 
studies, the degree of success in recruiting and retaining participants are important consi¬ 
derations in interpreting data. 

In studies of smoking, as for studies of any agent, information bias and confounding 
are of concern. Information bias may affect the classification of both active and involun- 
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tary smoking and extend to the classification of disease. The potential for error in classi¬ 
fying active and involuntary smoking is well recognized and the potential magnitude o 
any resulting bias has been considered both qualitatively and quantitatively. The W nr ing. 
Group does not regard information bias as an important consideration in interpreting the 
evidence on active smoking. For involuntary smoking, several analyses on information 
bias were considered by the Working Group. This is discussed in detail in the monograp 

on involuntary smoking. , . . . . 

Confounding arises when the effect of active or involuntary smoking is aruticia ty 
increased or decreased by a factor that is associated with exposure to smoke in a particular 
data set and is a risk factor on its own. Confounding becomes more plausible as an alter¬ 
native to causality as the magnitude of risk decreases. There are various causes, other than 
smoking, of die cancers considered in this monograph and hence there is potential for 
confounding. However, these other agents produce confounding only if associated with 
smoking in specific data sets. Control may be incomplete, leaving the possibility of resi¬ 
dual confounding. The Working Group considered the potential for confounding an 

noted the approach used to control for such. 

Active smoking and involuntary smoking have been reported to be associated wit 
the development of many forms of cancer, with a wide range of relative risks ranging 
from about 1.2 to 20 and higher. When the apparent relative risk is high (for example 10), 
confounding is unlikely to explain all the excess risk; it has seldom been difficult to 
recognize such an association and, in most instances, to deduce that it is causal. However, 
if the apparent relative risk approaches unity, the data need to be interpreted more 
carefully and subtle sources of bias and confounding must be taken into account. Under 
these circumstances, the findings from case-control studies may be difficult to interpret, 
because they may be distorted by the inclusion of controls who are not truly 
representative of die population from which the cases are drawn. When controls are 
selected from hospital patients, care has to be taken to exclude those with tobacco-related 
diseases because the relative risk of the condition being studied will be underestimated. 
When controls are drawn from the general population, it is important to know what 
proportion of the selected controls responded. Even if the proportion is known and the 
compliance rate is reasonably high, ensuring that the results are not biased to some extent 
by the inclusion of a disproportionate number of people who are interested in questions 
of health and are therefore unusually health conscious may be difficult. Such people may 
be less likely to smoke, causing the relative risk to be overestimated. 

Cohort studies have their own problems and their results also require careful inter¬ 
pretation. One problem is that the reports do not always cover the same types of cancers. 
The findings for common cancers (e.g. cancers of the lung, Stomach and large bowel) are 
nearly always reported, but those for rare cancers (e.g. cancers of foe nasal sinuses and 
testis and leukaemia) may be reported only when the numbers observed are unexpectedly 
high. It may be necessary to limit the data used to those from cohort studios that have 
reported on many types of cancer (say 20 or more), although selection bias in reporting 
may still not be excluded for some of the less common cancers. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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A second problem, which particularly affects cancers that may grow slowly, such as 
prostate cancer, is that many patients may die with the disease and not necessarily because 
of it. This, however, may not be adequately reflected on death certificates because death 
may be attributed to the cancer when the patient had actually died of an independent bron¬ 
cho-pneumonia, myocardial infarction or another of the many conditions that are made 
more common by cigarette smoking, thus creating an artefactual positive relationship 
between smoking and the cancer (Adami et at., 1996). ■ 

A third problem is that observations may continue to be made for many years after the 
characteristics of the individual members of the cohort have been recorded and, during 
this period, these characteristics may have changed. Some smokers may have stopped 
smoking and, as benefit is commonly obtained within a few years of stopping, this may 
result in an underestimation of the harmful effects of smoking. 

Although cohort studies allow repeated assessments of smoking behaviour to capture 
any changes, in some studies (e.g. CPS-II, US Veterans), smoking was assessed only at 
the stait of follow-up and cessation after enrolment was not recorded. 

During their evaluation of smoking and disease, the Working Group had substantial 
evidence available for many cancer sites. These data were summarized in tables for quali¬ 
tative evaluation as to the consistency of findings, strength of association and dose- 
response. Such evaluation of large bodies of data can also be accomplished through a 
collaborative, combined analysis of the original data from multiple studies or by pooling 
the summary results of individual studies, an approach referred to as meta-analysis. 

In a collaborative re-analysis, the relevant investigators contribute the raw data for a 
pooled analysis and give detailed accounts of their procedures for reconciliation of diffe¬ 
rences. It is often possible to check the results obtained in case-control studies hy com¬ 
paring them with those obtained in cohort studies. Under these circumstances, the data 
from all the different types of study may prove sufficiently comparable to allow them to 
be combined. 

When collaborative re-analyses are not possible or feasible, the next best approach to 
interpreting the data from multiple studies is to perform a meta-analysis of the results 
reported in the published literature. However, aspects of study design and other issues that 
may affect the results may not be folly allowed for because only summary findings are 
used. Meta-analysis can be used to evaluate heterogeneity between study findings. It is 
particularly informative when the results of individual studies lack precision. 

An example ofa collaborative re-analysis of data is the one relating the risk for breast 
cancer and active smoking described in Section 2 of this monograph. This type of analysis 
has not been undertaken in the study of cancers weakly related to smoking and, under i 
these circumstances, reliable estimates of risk are most likely to be obtained from the j 
results of cohort studies. Consequently, in considering such diseases as prostate cancer 
and leukaemia, which are certainly not strongly related to smoking and for which many j 

sets of data arc available, the results of case-control studies are less important. ( 
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The major components of American blend cigarettes are tlue-cured tobaccos (often 
called Virginia, blond or bright tobaccos), air-cured (hurley) and Maryland tobaccos, sun- 
cured (Oriental) tobaccos and reconstituted or homogenized sheet tobacco which is made 
from tobacco dust, fines and particles, and leaf ribs and stems (Beauman et al, 1996; 
Hoffmann & Hoffmann, 1997). The American blend cigarette has been the predominant 
type in the USA, and the Virginia blend cigarette has been the most predominant type in 
Australia, Canada, China, Japan and the United Kingdom (Hoffmann & Hoffinann, 200!), 

Blending is done to achieve specific pH, taste, burning characteristics and nicotine 
content and the type of tobacco blend significantly afreets the pH, nicotine content and 
toxicity of the smoke. The pH strongly influences the concentration of free nicotine in 
tobacco smoke, whereas the nitrate content influences the carcinogenic potential of 
smoke. There is a choice of 60 Nmtiana species and 100 varieties of tobacco that can be 
blended. However, almost all commercial tobacco products use Nicotiana tabnevm 
species and small amount of A. ruslica. Cured tobacco lines can contain between 0-2 and 
4.75% nicotine by weight, depending on plant genetics, growing conditions, degree of 
ripening, fertilizer treatment and position of leaf on the stalk (Tso, 1991; Stratton et al ., 
2001 ). 

The actual recipes for blending are closely kept trade secrets and the consolidation of 
the manufacturing industry worldwide seems to be leading towards a relatively homo¬ 
geneous cigarette with relatively modest differences in tar and nicotine yield, but consi¬ 
derable diversity in nitrosamine yield (Gray et al, 2000). 

Roll-your-own (RYO) cigarettes are a cheaper substitute for commercially manu¬ 
factured brands and are gaining in popularity worldwide. In Europe, two of the major 
markets for RYO arc Germany and the Netherlands (Dymond, 1996). In Canada, they 
became so popular that, by the end of 1989, sales of RYO accounted for approximately 
14% of the Canadian cigarette market (Kaiseiman & Rickert, 1992a). In the United 
Kingdom in 1994, more than 20% of male smokers used RYO products as compared with 
less than 4% of female smokers (Darrall & Figgins, 1998). In the USA, 3.4 billion RYO 
cigarettes w r ere smoked in 1994 (Maxwell Tobacco fact Book, 2000). 

A cigar is any roll of tobacco wrapped in leaf tobacco or any other substance con¬ 
taining tobacco. There are four mam types of cigar: little cigars, small cigars (‘cigarillos’), 
regular cigars and premium cigars. Little cigars contain air-cured and fermented tobacco 
and are wrapped either in reconstituted tobacco or in cigarette paper that contains tobacco 
and/or tobacco extract Some little cigars have cellulose acetate filter tips and are shaped 
like cigarettes. Cigarillos are small, narrow cigars with no cigarette paper or acetate filter. 
Regular and premium cigars are available in various shapes and sizes and are rolled to a 
tip at one end. The dimensions of regular cigars are from 110 to 150 mm in length and up 
to 17 mm in diameter. Regular cigars weigh between 5 and 17 g. Premium cigars (hand¬ 
made from natural, long filler tobacco) vary in size, ranging from 12 to 23 mm in diameter 
and 127 to 214 mm in length (Stratton et al., 2001). Although the use ot cigarettes 
declined in the USA throughout the 1990s, consumption of large cigars and cigarillos 


increased by 64% during the same period (from 2.34 billion to 3,85 billion pieces; US 
Department of Agriculture, 2002b). 

In certain countries, considerable quantities of tobacco arc consumed in forms other 
than cigarette smoking. Kreteks are a type of small cigarette that contain tobacco (approxi¬ 
mately 60%), ground clove buds (40%) and cocoa, which gives a characteristic: flavour and 
‘honey taste to the smoke (Clark, 1989; Stratton et al., 2001). Kreteks are indigenous to 
Indonesia, but are also available in the USA. fr India, about seven times more bidis are 
consumed than cigarettes. Bidis arc used extensively in India and in the rural areas of 
several south-east Asian countries (Stratton et al., 2001). They are also becoming 
increasingly popular among teenagers in the USA (Malson & Pickwortb, 2002). A bidi is 
made by rolling a rectangular piece of a dried temburai leaf around approximately 
02-0.3 g of sun-dried, oriental tobacco and securing the roll with a thread. These cigarettes 
are perceived by some as a belter-tasting, cheaper, safer or more natural alternative to 
conventional cigarettes (Malson et al., 2001; Stanfill et al., 2003). Chulta is an Indian 
home-made cigar, 5-9 cm long, prepared by rolling local tobacco inside a sun-dried 
tobacco leaf. Reverse smoking of chutta (with the burning end inside the mouth) is pre¬ 
valent among women in the rural communities of Andhra Pradesh (van der Eb et al., 1993). 
Chutta is also smoked in die usual way. Additionally, about 40% of total tobacco con¬ 
sumption in India is in the form of smokeless or chewing tobacco (WHO, 1997). Two 
nicotine-delivery devices which mimic the cigarette, but heat the tobacco rather than bum 
it, have been developed and test-marketed under the names of Eclipse™ (deBethizy e( al, 
1990; Botgerding et al., 1998) and Accord™ (Buchhalter & Eissenbetg, 2000). 

Reliable figures for the proportion of tobacco that is used for pipes, hand-railed ciga¬ 
rettes, chewing and snuff (including oral snuff) are not readily available for most 
countries. Nor is there any good record of the types and amounts of tobacco used as 
smokeless products. 

Tobacco that is grown and used locally is not necessarily taxed or included in national 
statistics. 

1.2 Composition 

Both tobacco and tobacco smoke are very' complex matrices consisting of thousands 
of compounds. A total of 3044 constituents have been isolated from tobacco and 3996 
from the mainstream smoke of cigarettes (Roberts, 1988). Mainstream smoke is the 
smoke that is released at the mouth end of the cigarette during puffing whereas sidestream 
smoke is the smoke released from the burning cone and through the cigarette paper, 
mostly between puffs. Some 4000 mainstream smoke compounds have been identified to 
date, and account for more than 95% of the weight of mainstream smoke (Green & 
Rodgmau, 1996, Jenkins et al, 2000). A total of 1172 constituents are present both in 
tobacco and tobacco smoke (Roberts, 1988). Tobacco smoke constituents’ refers to all 
substances present in smoke, regardless of their origin, i.e. whether they come from the 
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Table 1.1. Chronicle of early tobacco cultivation and use 


Dale 

Event 

1492 

(11 October) 

Columbus sighted the home of the Arawaks and was offered ‘dried ’ 
tobacco leaves. 

1499 

Amerigo Vespucci recorded the use of chewing tobacco on an island 
oft Venezuela. 

1545 

Iroquois Indians near Montreal, Canada, were found to have smoking 
habits. 

1556 

Tobacco was first grown or became known in France. 

1558 

Tobacco was used in Brazil and Portugal. 

1559 

Tobacco was used in Spain. 

1560 

Nicotiana rusiica was used in C entral Africa. 

1565 

Tobacco was used in England, 

1600 

Tobacco was introduced to Italy, Germany, Norway, Sweden, .Russia, 
Persia, India, Indochina, Japan, China and the west coast of Africa. 

1612 

John Rolfe, at Jamestown, Virginia, was the first man known to grow 
tobacco commercially for export. 

1631 

Tobacco production extended to Maryland and then gradually to other 
areas. 

1650s 

Portuguese took tobacco to South Africa and other countries. Spaniards 
distributed tobacco to the Philippines, Guatemala and other Central and 
South American countries and to the West Indies. 

Tobacco cultivation was begun in Indonesia. 

Tobacco cultivation was extended in Europe. 


From 1ARC (1986a) i 

been started for the use of chewing tobacco ami cigars as deliberate marketing ploys 
within the last two decades (Glover & Glover, 1992; Gupta, 1992; Gerlach etai, 1998). j 

1.1.2 Worldproduction and trade 

\ 

World tobacco production is currently declining. It peaked in 1997 at 7 975 360 
tonnes (US Department of Agriculture, 2001a) and by 2001 had fallen to 5 883 324 (US j 

Department of Agriculture, 2002a; see Table 1.2). It is a little early to interpret the signi- r 

ficance of these figures, and certainly too early to conclude that they reflect the beginning 
of a long-term downward trend. 

The pattern of production has shifted significantly in recent decades. Whereas exports 
from the USA have fallen slightly, those from Brazil, China and Zimbabwe have increased 
substantially. 
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fable 1 2. World tobacco production 


Crop year 

Hectares 

Tonnes 

1976/77 

4127 740 

5 892 000 

1980 

3 823 340 

5 575 000 

1985 

4 519 600 

6433 300 

1990 

4 612420 

7 096 730 

1996 

4 544 060 

7 349480 

1997 

4893 810 

7975 360 

1998 

4 658 040 

7 473 000 

NO 

^C- 

'O 

3 755 130 

6341 430 

2000 1 

NA 

5 923 797 

2001’ 

NA 

5 883 324 

2002’ 

NA 

J 678 753 


From US Department of Agriculture (2001b) 
a From US Department of Agriculture (2002a) 
NA, not available 


Table 1.3. Tobacco leaf imports and exports in selected 
countries between 1970 and 1998 (tonnes) 


Country 

1970 


1998 



Import 

Export 

Import 

Export 

Brazil 

9 

54 468 

14 726 

300 513 

China 

10337 

19 055 

20687 

106355 

Malawi 

3 602 

19 801 

1J00 

81000 

Turley 

- 

74 014 

42174 

155 058 

USA 

99 241 

234262 

246 763 

215 222 

Zimbabwe 

- 

40 000 

9 573 

194 141 


From Corrao el at. (2009) 


Table 1.3 gives examples of some of the substantial shifts in tobacco production over 
the past three decades. Complex reasons lie behind the change in pattern. Economic 
pressures, often following political decisions, dictate who grows what and where. In deve¬ 
loped areas, e.g, in the USA and the European Union, where farmers have, and still do, 
receive subsidies to grow tobacco, specific measures and programmes have also been ini¬ 
tiated to pay farmers to stop growing tobacco or to switch to other crops (Council of the 
European Union, 2002; US Congress, 2002a,b; Womack, 2002), In developing countries, 
the cigarette manufacturers may provide seed and expertise as well as an assured market 
for the tobacco type they need (Time Asia, 2000). In other countries, cigarette mami- 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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facturers are compelled to purchase a proportion of their tobacco locally. Furthermore, 
consolidation ol cigarette manufacturing followed the opening up of central and eastern 
Europe with the purchase by transnational corporations of antiquated tobacco monopolies 
(Griffin-Pustav, 1999, 2002). This affected the pattern of leaf production, import and 
export. The downward trend in tar and nicotine yields of cigarettes sold in developing 
countries during the 1990s meant that manufacturers’ requirements were changed. The 
move towards tobacco with a low nitrosamine yield in the LISA led to the export of 
substantial amounts of existing leaf. 

The trend towards a smaller number of global brands was accompanied by the trend 
to global advertising. I he complex trading situation is aggravated by the fact that a 
reported one-third (355 billion cigarettes) of annual global exports are smuggled 
(Joossens & Raw, 1998). Many smuggled cigarclfes may be exported and imported 
several times. 

1.1.3 What is produced 

There is a wide variety of smoking tobacco products on the world market to chose 
from, including cigarettes, cigars, cigarillos, bidis, chuttas and kreteks (Table 1.4). Ciga¬ 
rettes and cigars use blended tobaccos and the type of tobacco used in these products has 


Table 1,4. Smoking tobacco products 


Cigarette; 

Any roll of tobacco wrapped in paper or other non-tobacco material; 
filter-tipped or untipped; approximately 8 mm in diameter, 70-120 mm 
in length 

Cigar 

Any roll of tobacco wrapped in leaf tobacco or in any other substance 
containing tobacco 

Types: little cigars, small cigars ('cigarillos’), regular cigars, premium 
cigars 

Some little cigars are filter lipped and are shaped like cigarettes, 

Regular cigars are up to 17 mm in diameter, 110-150 mm in length. 

Bidi 

Hand-rolled Indian cigarette; sun-dried tembumi leaf rolled into a 
conical shape together with flaked tobacco and secured with a thread 

Chutta 1 

Hand-rolled cigarette used for reverse smoking primarily by women in 
India 

Rretck 

Small cigar containing tobacco (approximately 60%^, doves and 
cocoa. The burning blend gives a characteristic flavour and 'honey’ 
taste to the smoke. 

From Stratton etal. (2001) 

1 From Narayanetn/. (1996) 
k From Clark (1989) 


a decisive influence on the physicochemical nature of the smoke they produce. The 
chemical composition of the tobacco leaf is determined by plant genetics, cultivation 
practices, weather conditions and curing methods (Tso, 1991). The classification of the 
leaf tobacco commonly used in cigarettes is primarily based on curing methods and 
tobacco types. For example, a standard system of classification by the US Department of 
Agriculture designates six major classes ofUS tobacco (Table 1.5). Each class comprises 
two or more different types. Individual types of flue-cured tobacco are no longer easily 
identified, and die type designation usually refers only to a marketing area. Different 
countries may use different classification terms, but the general principle is the same. 


Table 1,5, Classification of US tobacco ty pes 


Tobacco 

type 

Class 

Characteristics 

Main use 

Growing regions 

Flue- . 
cured 

i 

Yellow, blond 
bright 

95% in cigarettes 

Alabama, Florida, Georgia, 
North Carolina, South 
Carolina. Virginia 

Fire-cured 

2 

Light to dark 
brown; cured 
over open fires 

‘Rull-your-own’ cigarettes, 
chewing tobacco, cigars and 
smoking tobacco 

Kentucky, Tennessee, 
Virginia 

Light air- 
cured 

3A 

Burley: cured 
without 
supplementary 
heat 

>90% in cigarettes 

Indiana, Kentucky, 

Missouri, North Carolina, 
Ohio, Tennessee, Virginia, 
West Virginia 



Maryland 

Almost all in cigarettes 

Maryland 

Darkair- 

curcd 

3B 

Light to 
medium brown 

For chewing tobacco and 
snuff 

Kentucky, Tennessee, 
Virginia 

Cigar 

tiller 

4 


Tobacco types for use as 
cigar fillers, binders and 
wrappers; used for cigars 

Indiana, Ohio, 

Pennsylvania, Puerto Rico 

Cigar 

binder 

5 


Tobacco types for use as 
cigar fillers, binders and 
wrappers; used for cigars 

Connecticut, 

Massachusetts, Minnesota, 
New York, Pennsylvania, 
Wisconsin 

Cigar 

wrapper 

6 


Tobacco types for use as 
cigar fillers, binders and 
wrappers; used for cigars 

Connecticut, Flurida, 
Georgia, Massachusetts 

Miscella¬ 

neous 

7 

“ 


Louisiana 


From Tsc (1991); US Department of Agriculture (2001c) 
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The major components of American blend cigarettes are flue-cured tobaccos {often 
called Virginia, blond or bright tobaccos), air-cured (burley) and Maryland tobaccos, sun- 
cured (Oriental) tobaccos and reconstituted or homogenized sheet tobacco which is made 
from tobacco dust, fines and particles, and leaf ribs and stems (Beautnan etal, 19%; 
Hoffmann & Hoffmann, 1997). The American blend cigarette has been the predominant 
type in the USA, and the Virginia blend cigarette has been the most predominant type in 
Australia, Canada, China, Japan and the United Kingdom (Hoffmann & Hoffmann, 2001). 

Blending is done to achieve specific pH, taste, burning characteristics and nicotine 
content and the type of tobacco blend significantly affects the pH, nicotine content and 
toxicity of the smoke. The pH strongly influences the concentration of free nicotine in 
tobacco smoke, whereas the nitrate content influences the carcinogenic potential of 
smoke, There is a choice of 60 Nicotianu species and 100 varieties of tobacco that can be 
blended, However, almost all commercial tobacco products use Nicotiana tabacum 
species and small amount of N. rustica. Cured tobacco lines can contain between 0.2 and 
4.75% nicotine by weight, depending on plant genetics, growing conditions, degree of 
ripening, fertilizer treatment and position of leaf on the stalk (Tso, 1991; Stratton et al., 
2001 ). 

The actual recipes for blending are closely kept hade secrets and the consolidation of 
the manufacturing industry worldwide seems to be leading towards a relatively homo¬ 
geneous cigarette with relatively modest differences in tar and nicotine yield, but consi¬ 
derable diversity in nitrosamine yield (Gray et al, 2000). 

Roll-youi-own (RYO) cigarettes are a cheaper substitute for commercially manu¬ 
factured brands and are gaining in popularity worldwide. In Europe, two of the major 
markets for RYO are Germany and the Netherlands (Dymond, 1996). In Canada, they 
became so popular that, by the end of 1989, sales of RYO accounted for approximately 
14% of the Canadian cigarette market (Kaiserman & Rickert, 1992a). In the United 
Kingdom in 1994, more tlian 20% of male smokers used RYO products as compared with 
less than 4% of female smokers (Darrall & Figgins, 1998). In the USA, 3.4 billion RYO 
cigarettes were smoked in 1994 (Maxwell Tobacco Fact Book, 2000). 

A cigar is any roll of tobacco wrapped in leaf tobacco or any other substance con¬ 
taining tobacco. There are four main types of cigar; little cigars, small cigars (‘cigarillos'), 
regular cigars and premium cigars. Little cigars contain air-cured and fermented tobacco 
and are wrapped either in reconstituted tobacco or in cigarette paper that contains tobacco 
and/or tobacco extract, Some little cigars have cellulose acetate filter tips and are shaped 
like cigarettes. Cigarillos are small, narrow cigars with no cigarette paper or acetate filter. 
Regular and premium cigars are available in various shapes and sizes and are rolled to a 
tip at one end. The dimensions of regular cigars are from 110 to 150 mm in length and up 
to 17 mm in diameter. Regular cigars weigh between 5 and 17 g. Premium cigars (hand¬ 
made from natural, long filler tobacco) vary in size, ranging from 12 to 23 mm in diameter 
and 127 to 214 mm in length (Stratton et al., 2001). Although the use of cigarettes 
declined in die USA throughout the 1990s, consumption of large cigars and cigarillos 


increased by 64% during the same period (from 2.34 billion to 3.85 billion pieces; US 
Department of Agriculture, 2002b). | 

In certain countries, considerable quantities of tobacco are consumed in forms other j 

than cigarette smoking. Kreteks are atype of small cigarette that contain tobacco (approxi- !' 

mately 60%), ground clove buds (40%) and cocoa, which gives a characteristic flavour and 
‘honey’ taste to the smoke (Clark, 1989; Stratton et al., 2001). Kreteks are indigenous to 4 

Indonesia, but are also available in the USA. In India, about seven times more bidis are 
consumed than cigarettes. Bidis are used extensively in India and in the rural areas of 
several south-east Asian countries (Stratton et al., 2001). They are also becoming 
increasingly popular among teenagers in the USA (Malson & Pickworth, 2002). A bidi is 
made by rolling a rectangular piece of a dried tembumi leaf around approximately 
0,2-0.3 g of sun-dried, oriental tobacco and securing the roll with a thread. These cigarettes 
are perceived by some as a better-tasting, cheaper, safer or more natural alternative to 
conventional cigarettes (Malson et al, 2001; Stanfill et al., 2003). Chutta is an Indian 
home-made cigar, 5-9 cm long, prepared by rolling local tobacco inside a sun-dried 
tobacco leaf. Reverse smoking of chutta (with the burning end inside the mouth) is pre¬ 
valent among women in die rural coiimiunilies of Andhra Pradesh (van der Eb et al., 1993). 

Chutta is also smoked in the usual way. Additionally, about 40% of total tobacco con¬ 
sumption in India is in the form of smokeless or chewing tobacco (WHO, 1997). Two 
nicotine-delivery devices which mimic the cigarette, but heat the tobacco rather than bum 
it, have been developed and test-marketed under the names of Eclipse™ (deBetliizy et al., 

1990; Borgerding et al., 1998) and Accord™ (Buclihalter & Eissenbeig, 2000). 

Reliable figures for the proportion of tobacco that is used for pipes, hand-rolled ciga¬ 
rettes, chewing and snuff (including oral snuff) are not readily available for most 
countries. Nor is there any good record of the types and amounts of tobacco used as 
smokeless products. 

Tobacco that is grown and used locally is not necessarily taxed or included in national 
statistics. 

1.2 Composition 

Both tobacco and tobacco smoke are very complex matrices consisting of thousands 
of compounds. A total of 3044 constituents have heen isolated from tobacco and 3996 
from the mainstream smoke of cigarettes (Roberts, 1988). Mainstream smoke is the 
smoke that is released at the mouth endof the cigarette during puffing whereas sidestream 
smoke is die smoke released from the burning cone and through the cigarette paper, 
mostly between puffs. Some 4000 mainstream smoke compounds have been identified to 
date, and account for more than 95% of the weight of mainstream smoke (Green & 

Rodgman, 1996; Jenkins et al., 2000). A total of 1172 constituents are present both in 
tobacco and tobacco smoke (Roberts, 1988). ‘Tobacco smoke constituents’ refers to all 
substances present in smoke, regardless of their origin, i.e. whether they come from the 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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tobacco itself, or from the tobacco additives, the paper, the filter or from the air drawn into 
the cigarette. 

The qualitative composition of smoke components is mainly identical in mainstream 
smoke, sidestream smoke and secondhand tobacco smoke, sometimes referred to as ‘envi¬ 
ronmental’ tobacco smoke (an air-diluted mixture of sidestream smoke and exhaled 
mainstream smoke). The quantitative composition of these different smoke matrices may, 
however, vary considerably. ■ 

Advances in chemical analytical techniques and an increased knowledge of the 
genotoxic environmental agents brought the number of carcinogens identified in tobacco 
smoke to 69 by the year 2000. These carcinogens include 10 species of polynuclear aro¬ 
matic hydrocarbons (PAHs), six heterocyclic hydrocarbons, four volatile hydrocarbons, 
three nitrohydrocarbons, four aromatic amines, eight V-heterocyclic amines, 10 /V-nitros- 
amines, two aldehydes, 10 miscellaneous organic compounds, nine inorganic compounds 
and three phenolic compounds (Hoffmann etal., 2001). 

Eleven compounds (2-naphthylamine, 4-aminobiphenyl, benzene, vinyl chloride, ethy¬ 
lene oxide, arsenic, beryllium, nickel compounds, chromium, cadmium and polonium-210) 
classified as IARC Group 1 human carcinogens have been reported as present in main¬ 
stream smoke (IARC, 1987,1990,1993a, 1994; Hoffmann etal , 2001; IARC, 2001). 

Since the last IARC Monograph on tobacco smoking (IARC, 1986a), the focus of 
research on carcinogens in tobacco and tobacco smoke has predominantly been on benzo- 
[njpyienc (a surrogate for all PAHs), tobacco-specific jV-nitrosamioes (TSN A), especially 
/V'-nitrosonomicotine (NNN) and 4-(A , -nitrosomethylamino)-l-(3-pyridyl)-t-butanone 
(NNK) and aromatic amines, especially 4-aminobiphenyl (4-ABP), because of their esta¬ 
blished carcinogenic potency (Vineis & Pirastu, 1997; Hecht, 1998,1999; Castelao et al ., 
2001; Hecht, 2002). 

1.2.1 Cigarette tobacco 

The types of tobacco used in smoking products are listed in Table 1.5. The most 
common tobacco product in developed countries is the manufactured cigarette. A cigarette 
is defined as any roll of tobacco wrapped in paper or other non-tobacco material. Ciga¬ 
rettes can be either commercially manufactured or individually made (roll-your-own). 
Cigarettes are lit, and the burning process produces smoke that is inhaled through the unlit 
end. Cigarettes are approximately 8 mm in diameter and 70-120 mm in length 
(Borgerding et al., 2000; Stratton et al., 2001). 

(«) Occurrence of tobacco-specific carcinogens and their precursors 
in tobacco 

Unlike cigarette smoke, measurements of nicotine content and other constituents of 
tobacco have not been made or reported as a part of official tests of commercial cigarettes, 
although the smoke composition is directly dependent (both qualitatively and quanti¬ 
tatively) on the profile of tobacco smoke precursors. 


TOBACCO SMOKE 

Table 1.6 shows an international comparison of the concentrations of two carci¬ 
nogenic tobacco-specific A'-nitrosamines, NNN and NNK, and their putative precursors, 
nicotine and nitrate in the tobacco from commercial cigarettes. The assays of a large 
number of cigarette brands from Canada, the United Kingdom, the USA and other 
countries around the world, have demonstrated that there is a very wide variation in con¬ 
centrations of nicotine (from 7.2 to 18.3 mg/cigarette) in the tobacco filler, of nitrate 
(from 0.3 to 20.6 mg/cigarette), NNN (from 45 to 58 000 ng/g tobacco) and NNK (from 
not detected to 10 745 ng/cigarette; detection limit < 50 ng/cigarette) (Fischer et al., 
1989a;Naire/n/., 1989; Djnrdjevic et al., 1990; Fischer et a!., 1990b,c; Djordjevic et al., 
1991b; Trickcr et al., 1991; Atawodi el al., 1995; Kozlowski et al., 1998; Djordjevic et 
al„ 2000b,c). The country of origin plays a profound role in the chemical composition of 
the product (e.g, cigarettes from India and Italy contained extremely high levels of 
tobacco-specific carcinogens, namely, up to 58 000 ng/g NNN and 10 745 ng/cigarette 
NNK). 

The higher TSN A concentrations were usually measured in the tobacco from untipped 
cigarettes, especially those made of dark tobacco. Among the 55 brands sold in Germany 
in 1987, the lowest amounts of nitrate, NNN and NNK were measured in Oriental-type 
cigarettes, followed by Virginia and American blend cigarettes (Table 1.7). The highest 
levels were reported in the dark tobacco cigarettes (Djordjevic etal., 1989a; F ischer et al., 
1989a,b; Tricker et a!., 1991). Typically, the levels of NNK are lower than those of NNN 
in cigarettes except in those made from Virginia flue-cured tobacco, in which higher 
levels of NNK were reported (Fischer et al., 1989a,b, 1990b). 

Despite the large variation in the amount of the components measured in various ciga¬ 
rettes by Fischer etal. (1989a), the correlations between TSNA and nitrate were high to 
moderate (NNN: r - 0.61; NNK: r 2 - 0.4). NNN concentrations increased with increased 
nitrate concentrations and did not depend on the tobacco type. Oriental and Virginia type 
cigarettes were very low in nitrate and also had the lowest NNN concentrations. The 
highest NNN concentrations were found in cigarettes made of dark tobaccos, which also 
had the highest nitrate levels. The correlation between NNK and nitrate was not as strong 
as for NNN suggesting that other factors such as the tobacco type may have an influence 
on the formation of NNK. Although both nitrate and nicotine are precursors for NNN and 
NNK, only nitrate seems to play a predominant role in their fonnalion. Table 1,7 also 
shows that NNN, NNK and nitrate levels in tobacco from unfiltered and filtered cigarettes 
in the same blend category were of the same order of magnitude, although somewhat 
higher values were reported for unfiltered brands (Tricker et al., 1991). 

Different types of cigarette are manufactured to deliver different smoke yields under 
machine-smoking conditions. The terms ‘ultra low-’, ‘low-’, ‘medium-’ and ‘high-yield ci¬ 
garettes’are not official government-designated terms but are part of the trademarked names 
of products that provide information on the smoke yields obtained by machine-smoking 
using standardized protocols. In general, ultra low-yield products deliver less than 6 mg tar 
per cigarette, low-yield products between 6 and 15 mg tar and regular ‘full-flavoured’ ciga¬ 
rettes deliver more than 15 mg of tar, although different research groups have made their 
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Table 1.7. Comparison of the ranges for nitrate, nicotine and preformed tobacco-specific-TV-nitrosamines in tobacco from 
commercial cigarettes with a wide range of nicotine and ‘tar’ yields 


Country (total no. of Tobacco filler 

cigarette brands in the 

study) 


NO3 (nitrate) 
(mg/cigarette) 


Nicotine 

(mg/g) 


NNN 

(ng/cigarcttc) 


NNK 

(ng/cigarette) 


Canada 
(n = 25) 

Ultra-low yield ( V) a 

Low yield (V) 

Moderate yield (V) 

F 

F 

F 

0.3-3.3 

0.4—0.6 

0.4-0.8 

1 1.2—I4.4 b 

n . 9 - 16 . 7 “ 

11.9-18.6 b 

288-982 

292-527 

337—407 

447- 785 
510-884 
569-705 

Fischer c .1 a/, 

(1990b); 

Kozlowski 


High yield (V) 

F 

0.3-1.0 

8.0-15.4 6 

259-381 

495-663 

eta/. (1998) 

Germany 
in = 20) 

(« = 55) 

Blend 

Blend 

Dark 

Oriental 

Virginia 

American blend 

Dark 

F 

NF 

NF 

F + NF 

F + NF 

F 

NT 

2.2— 7.8 

5.4-12.3 

14.2- 20.6 

0.6—2.7 

0.7-3.3 

1.8-6.3 

10.9-14.4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

400-1390 

660-2670 

4500-5340 

45—432 

133-330 

500-2534 

3660-5316 

100-410 

27O-5O0 

800-960 

ND—177 

170-580 
160-696 
370-1120 

Tricker eta/. 
(1991) 

Fischer et at. 

< 1 9R9a,c) 

Japan 
(» = 6) 

Low yield 

Medium yield 

F 

F 

5.7—13.1 mg/g 
3-7—7.5 mg/g 

NA 

NA 

810-1 1 10* 
360— 104U c 

190-330' 

200—320* 

Djordjevjc 

et a/. (2000c)“ 

USA 

(»= 13) 

Ultra-low yield (AB) 
Low yield (AB) 
Moderate yield (AB) 
High yield (AB) 

F 

F 

F 

NF 

13.6— 14.0 mg/g 
9.0-12.3 mg/g 
7.8—10.8 mg/g 

11.7- 15.9 mg/g 

17.6-17.9 

17.9 

)6.9 

17.9 

1750-1980' 

1900—3050 c 

1 780—2890 c 

1290-2160* 

500-580* 

490-800' 

420-890' 

770—920 c 

Djordjevic 
eta/. (1990. 

2 oooc y’ 


r , rur e s ti T’ d * i *r st,ra: NF - cigarettes; V. Virginiatype cigarettes; AB, American blend cigarettes; NA, not available; ND not delected 

Del mite data on the composition of three cigarette brands not available 

23 Canadian cigarette brands; total nicotine (mg/cigarette) 
c ng/g tobacco 

Cigarettes were designated into classes according to nicotine conccnlrntions in mainstream smoke as follows; ultra-low. delivering < 0 5 mg FTC (Federal Trade 
Conumsston) mcotine/c.gate.te; tow, delivering O.S-< 0.«S mg FTC nico.ine/etgatette; medio,n, deliver,ng 0*5-1.2 mg FTC nicotle/cignret.e; hi^h IdTvcrin* 
anaivteri ff C» IL “ ll « ,C8 “" t [ In Djordjevi c et n/. (2000c), the authors only report the mean nicotine concentre, ton in mainstream smoke untie tlx brands 
analysed, and do not specify which brand is unfdtcred; the Working Group asaumed that il corresponded to a high-yield brand.] 
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own classifications (Stratton et al., 2001). Tobacco from ultra low-, low-, medium- and high- 
yield cigarettes contain similar amounts ot preformed TSNA and their precursors (Table 1.7) 
within the brand type regardless the country of origin (Djordjevicera/., 1990; Fischer eta/., 
1990b; Kozlowski eld, 1998; Djordjevic etal., 2000c). The tobacco tram Canadian brands 
had the least preformed NNN (up to 982 ng/cigarette) and brands in the USA the highest 
amounts (up to 3050 ng/cigarette). NNK content was of the same order of magnitude 
between countries (up to 884 ng/cigarette in Canadian cigarettes and up to 920 ng/cigarette 
in cigarettes in the USA). Japanese cigarettes contained the lowest concentrations of pre¬ 
formed NNK in tobacco (up to 330 ng/g tobacco). 

The separate analysis of blend ingredients showed that pure Oriental and flue-cured, 
pure Virginia tobaccos contain the least nitrate (mean, 1.73 mg/g and 1.54 mg/g, res¬ 
pectively) and preformed tobacco-specific A'-ni.trosamines (mean, 34 ng/g tobacco and 
16 rig/g tobacco NNK, respectively) (Table 1.8). The highest nitrate and NNK levels 
were measured in air-cured pure burley tobaccos (mean, 22.5 mg/g nitrate and 477 ng/g 
tobacco NNK) (Fischer et al., 1989a). Similar data were reported for fine-cured and sun- 
dried tobaccos from the former USSR (Djordjevic et al., 1991b). 


Table 1,8. Nitrate and tobacco-specific jV-nitrosamine 
concentrations in different cured tohaccos produced 
worldwide 


Tobacco type 

Nitrate (mg/g) 

NNN (ng/g) 

NNK (ng/g) 

Oriental 

07-6.0 

20460 

ND-70 

Virginia 

<0.05-16.0 

lo-ono 

30-1 100 

Burley 

8,0-41.0 

1300-8850 

162-1400 


From Fischer et at. (1989a), Djordjevic el al. (1991b) 
ND, not detecied (NNK < 50 ppb) 


An international comparison of nicotine content in blended cigarettes (Kozlowski 
eru/., 1998) showeda similar spread across the whole range ofsmoke yields (0.1-1,3 mg 
nicotine and 1-17 mg tar per cigarette).. Tobacco from American blended cigarettes 
(n =■ 32) contained an average of 10.2 mg nicotine/cigarette (range, 7.2-13.4 mg). The 
tobacco from Canadian Virginia blend cigarettes (« = 23) contained an average of 13.5 mg 
nicotine/cigarette (range, 8.0 18.3 mg), and that from British Virginia blend cigarettes 
(n = 37), 12.5 mg nicotine/cigarette (range, 9.0-17.5 mg). 

[b) The significance of the content ofpreformed TSNA precursors 
in tobacco 

The TSNA are formed predominantly during the curing process (Rush el al, 2001; 
Peele et al., 2001) although small quantities of TSNA have also been found in freshly 
harvested (green) leaves. The mean concentrations of NNN and NNK in green leaves 


harvested from all stalk positions of the NC-95 flue-cured tobacco plant were 260 ppb and 
280 ppb, respectively (Djordjevic et al., 1989b). These concentrations were six times 
higher in cured tobacco (1560 ppb and 1810 ppb, respectively). Bhide et al. (1987) 
reported on the presence of TSNA in green leaves of N. tabacum and N. rntica species 
grown in India in two different seasons. In one season, at one location, mature green 
leaves of N. rntica contained as much as 46100 ppb NNN and 2340 ppb NNK. One year 
later, tobacco harv ested at the same location contained 5730 ppb NNN and 352 ppb NNK. 
These levels were elevated to 15 000 ppb NNN and 25 800 ppb NNK in sun-cured 
tobacco. The extremely high potential of N. rustica to form carcinogenic TSNA is impor¬ 
tant because this tobacco species is still commercially grown in Russia, and several other 
former republics of the former USSR, and in Poland, South America and, to 3 limited 
extent, in India (Hoffmann & Hoffmann, 1997). The data shown in Table 1.6 suggest that 
N. rustica may have been used as a component of the blend in Indian (Nair et al., 1989), 
but cot in Polish cigarettes or those from the former USSR. 

(c) TSNA-reduced tobacco 

In recent years, it has been demonstrated that the use of new curing technologies can 
considerably reduce the levels ot TSNA, especially NNK, or even completely eliminate 
tliem (Djordjevic eta!., 1999; Wahlberg etal, 1999; Peele etal, 2001). Inhibition of the 
microbial reduction of nitrate to nitrite that reacts with tobacco alkaloids to form TSNA 
is one method to reduce the levels of these carcinogens in tobacco. The second method 
was described by Peele et al. (2001). It is common practice to Hue-cure Virginia tobacco 
in bulk bams that have forced air ventilation and temperature control. Nitrogen oxides 
(NOx) are a combustion by-product of the I iquid propane gas commonly used for curing; 
they react with naturally occurring tobacco alkaloids to form TSNA. The newly 
developed heat-exchange curing method precludes exposure of the tobacco to combustion 
gases and by-products, thereby eliminating this significant source ofTSNA formation. 

The flue-cured lamina that were used to produce test cigarettes for the evaluation of 
smoke composition contained from undetectable levels of NNK to 22 ng/g tobacco 
(detection limit for NNK, 0.11 ng/g tobacco; Djordjevic et al., 1999). The concentration 
of nitrogen in the form of nitnte in ‘TSNA-reduced’ tobacco was similar, however, to that 
determined for a commercial American blend cigarette (1.8 versus 1.9 gg/g tobacco). The 
concentration of nitrogen in the form of nitrate was somewhat lower (1.5 versus 2.0 mg/g 
tobacco) and the nicotine content was higher (22.2 versus 15.9 mg/g tobacco). The levels 
of NNK in mainstream smoke as determined using the Federal Trade Commission (FTC) 
method in the test cigarette made with ‘TSNA-reduced’ tobacco were 6.5 ng/cigarette 
compared with 130 ng in a commercial American blend cigarette tested under the same 
experimental conditions (30% and 25% of the levels measured in tobacco, respectively). 

(if) The origin ofTSNA in tobacco smoke 

Hie question of the origin of TSNA in the mainstream smoke has been also the 
subject of investigation since the previous IARC Monograph on tobacco smoking (IARC, 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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1986a). The studies have reported different results. In one study, the tobacco column was 
spiked with [carbonyl- l ' , C]NNK to determine,the recovery of unchanged NNK in the 
smoke, and with [methyl- l4 C]nicotine, to determine the extent of nicotine nitrosation 
during smoking. The researchers found that most of the NNK in cigarette smoke 
(63-74%) is pyrosynthesized from nicotine and nitric oxides during combustion and that 
the NNK yield in the smoke is independent of the nitrate content in the tobacco (Adams 
et o/., 1983). Similarly, based on the 11.3% transfer rate of [ l4 C]-labelled NNN, it was 
concluded that 46% of NNN in the mainstream smoke of US blended cigarettes is due to 
the transfer from tobacco and that the remainder is synthesized during smoking 
(Hoffmann et ai, 1977). More recent studies, however, have demonstrated that the levels 
of preformed TSNA in tobacco determine yields in smoke. The addition of the 
nitrosamine precursors nitrate and nicotine to the tobacco hefore the machine-smoking of 
cigarettes did not change the levels of NNN and NNK in mainstream smoke (Fischer 
et ai, 1990a), The mainstream smoke/tobacco ratios for NNN and NNK for the com¬ 
mercial German cigarettes, even when corrected for the ventilation and cigarette length, 
remained constant and were dependent neither on the nicotine nor the nitrate content of 
the tobacco with the exception of NNK in the cigarettes made from nitrate-rich dark 
tobacco (Fischer el ai , 1990a). The calculated transfer rates for NNN and NNK from 
tobacco in the mainstream smoke were 23% and 34%, respectively, for untipped cigarettes 
and! 3% and 23%, respectively, for filter-tipped cigarettes. Based on these results, Fischer 
et ai. (1990a) concluded that pyrosymhesis of NNN and NNK is not likely, at least for 
cigarettes containing Virginia, American blend and Oriental type tobacco. 

The addition of increasing amounts of potassium nitrate (0.22%, 0.53%, 1.12% and 
1,78% in the tobacco filler) in experimental blend cigarettes (50% Virginia, 15% Oriental, 
10% Burley and 25% reconstituted tobacco sheets) resulted in a linear increase in the con¬ 
centrations of oxides of nitrogen and Y-nitrosopyrrolidine (NPYR), a volatile A-nilros- 
amine. NNK was not influenced by the nitrate concentrations in the tobacco filler whereas 
NNN and N’-nitrosuanatabine increased slightly with increased nitrate concentrations 
(Tricker et ai, 1993a). 

When an American blend unfiltered cigarette was spiked with 10 mg nicotine prior to 
machine-smoking, no detectable NNN or NNK was formed (Djordjevic et ai, 1991a). 
The addition of 1 mg of the secondary tobacco alkaloid nomicotine, however, increased 
the concentration of NNN in mainstream smoke hy 27%. The spiking of a French dark 
tobacco, untipped cigarette with 10 mg nicotine increased the NNK level in mainstream 
smoke by 40%. Brunnemann et al. (1996) concluded, based on the analysis of a variety 
of commercial Thai cigarettes, across a wide range of yields in smoke, that the concen¬ 
tration of TSNA in mainstream smoke, as well as the tar and nicotine yields, depend on 
tobacco composition. 

The preformed TSNAs in tobacco appear to be determinants of the TSNA yields in 
the mainstream smoke of certain types of cigarette, although some formation may also 
occur under certain conditions during smoking. 


However, there are other (qualitative) factors to be considered, Of particular note is 
the trend, at least in the USA, towards tobaccos higher in nitrate that lead to an increase 
in carcinogenic TSNAs in smoke and a reduction in carcinogenic PAHs (Hoffmann & 
Hoffmann, 1997). A major US cigarette manufacturer was awarded a patent in 1978 for 
developing a process that reduces the nitrate content of the reconstituted tobacco made 
from ribs and stems by more than 90%. It is unclear to what extent this patented method 
has been applied to the manufacture of cigarettes (Hoffmann & Hoffmann, 2001). 

(e) The occurrence of volatile N -nitrosamim and non-volatile 
N -nitrosamim acids and other toxic compounds in tobacco 

In addition to TSNA, the presence of several carcinogenic volatile Y-nitrosamines, 
including V-nitrosodimethylaminc (NDMA), Y-nitrosoethylmethylamine (NEMA) and 
NPYR has been reported in cigarette tobacco (Tricker et al., 1991). The levels of volatile 
Y-nitrosamines in tobaccos from 20 commercial German cigarettes were: NDMA, from 
0.4 to 5.0 ng/cigarette; NEMA, from not delected (limit of detection, 0.1 ng/cigarette) to 
1.5 ng; and NPYR, from 0.6 to 5.2 ng/cigarette. The levels of NEMA and NPYR were 
87% and 53% higher in untipped than in filter-tipped cigarettes of the same blend type. 
The highest levels were measured in unfiltered brands made of dark tobacco. 

The presence of several non-volatile Y-nitrosamino acids, such as 4-(Y-nitroso-Y- 
methylamino)butyric acid (NMBA), A-nitrosopipecolic acid (NP1C), Y-nitrososarcosine 
(NSAR), 3-(Y-nitroso-Y-methylamino)propionic acid (NMPA), Y-nitrosoproline 
(NPRO), A-nit rosod i eth anol amine (NDELA) and 4 -(A^-nit ros omethyl am ino) -4-(3 -py ri - 
dyl)butyric acid (iw-NNAC), have also been reported in cigarette tobaccos (Djordjevic 
etal, 1989a, 1990; Tricker et a!., 1991). Some of them, such as NSAR (JARC, 1978), 
NMPA and NMBA, are carcinogenic per se (Hoffmann et a!.. 1992), whereas others may 
undergo thermal decarboxylation during the pyrolysis of cigarette tobacco (Brunnemann 
et al., 1991) to yield their corresponding volatile Y-nitroso analogues; for example, pyro¬ 
lytic decarboxylation of NPRO gives rise to NPYR, whereas NMPA gives rise to NEMA. 
The levels of Y-nitrososarcosine in cigarette tobacco range from 22 to 460 ng per ciga¬ 
rette, NMPA from 110 to 4990 ng/cigarette, and NMBA from not detected (limit of detec¬ 
tion, 1.0 ng/cigarette) to 200 ng/cigarette. The upper values were usually found in 
untipped cigarettes made from dark tobacco (Tricker et al., 1991). 

In 1989, the nicotine derived Y-nitroso acid /yo-NNAC was identified (Djordjevic 
etal., 1989a) and its concentration measured in both French dark tobacco and American 
blend cigarettes (Djordjevic el al., 1989a, 1990,1991a). The fro-NNAC levels in tobacco 
ranged from not detected to 50 ppb, being higher in French dark tobacco cigarettes, iso- 
NNAC was not detected in the mainstream smoke of American blend cigarettes and was 
formed in minute amounts when the filler was spiked with the putative precursors 
cotinine and cotinine acid 4-(methylamino)-4-(3-pyridyl)butyric acid (COTAC) prior to 
machine smoking (Djordjevic et ai, 1991a). 

The minute amounts of preformed «o-NNAC in blended tobacco (other than dark 
tobacco), its very low transfer rate in mainstream smoke (1.1%), and the possibility that 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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this compound can also be formed endogenously, could make it a suitable candidate bio- 
marker for the assessment of the levels of, endogenously formed tobacco-derived 
A'-nitrosamines, Ilowever, in one study, tso-NNAC was detected in the urine of four of 20 
cigarette smokers (at levels of44,65,74 and 163 ng/day) (Trickerefa/., 1993b). The oral 
administration of nicotine and cotinine to abstaining smokers did not result in wo-NNAC 
excretion even after supplementation with 150 mg oral nitrate. The authors concluded that 
the occasional presence of tso-NNAC in smokers’ urine resulted from exogenous expo¬ 
sure to the preformed compounds in mainstream smoke and not from the endogenous 
nitrnsation of nicotine and its metabolites. It was not clear whether there were any 
smokers of dark tobacco cigarettes among the 20 volunteers in this study. 

Stanfill and Ashley (1999) quantified 12 flavour-related compounds in cigarette 
tobacco: coumarin, pulegone, piperonal and nine alkenylbenzenes, including tram- ane¬ 
thole, safrole, methyleugeno! and myristicin, In 62% of 68 brands analysed, one or more 
of these flavour-related compounds were detected (concentrations ranged from 0.1)018 to 
43 flg/g tobacco). The toxic properties and in some cases carcinogenic properties (e.g. of 
coumarin and safrole) (IARC, 1976) of these flavour-related compounds may constitute 
an additional health risk related to cigarette smoking. 

t .2.2 Mainstream cigarette smoke 

Cigarette mainstream smoke aerosol can be broadly categorized as consisting of CO, 
other vapour-phase components, particulate matter (tar) and nicotine. These four major 
components of smoke are simultaneously delivered to the active smoker as a complex and 
dynamic aerosol containing thousands of chemical constituents composed of several 
billion electrically-charged semi-liquid particles per cm 5 (aerodynamic diameter, 
0.1-0.3 pm; 5 x 10 9 particles per cm 1 ) within the mixture of combustion gases (Smith & 
1-ischer, 2001). The chemicals in the mainstream smoke aerosol are distributed between 
the particulate and vapour phase depending on their physical properties (e.g. volatility and 
stability) and their chemical properties as well as the characteristics of the environment 
(Jenkins et al, 2000). 

According to Hoffmann and Hoffmann (1997,2001) and Kozlowskie/u/. (2001), the 
composition of cigarettes and of cigarette smoke has changed dramatically since the first 
large-scale epidemiological studies linking smoking and lung cancer were conducted in 
the 1950s (Doll & Hill, 1950; Wynder & Graham, 1950) and the subsequent reports of the 
Royal College of Physicians (1962), US Department of Health and Human Services 
(1964) and IARC (1986a). During that period, numerous carcinogens in tobacco smoke 
were identified and quantified and their biological activities and relevance to cancer have 
also been studied. The major focus, though, has been on PAHs such as benzo[o]pyrene 
and TSNAs such as NNK, which are considered to be major lung carcinogens (llecht, 
1998, 1999). 4-ABP and other aromatic amines have also been studied intensively 
because of their role in bladder carcinogenesis (Castelao et al., 2001). The carcinogenic 
heterocyclic amines such as 2-amino-1 -metliy(-6-phenyiimidazo(4,5-£>)pyridine (PUP), 


frequently found in cooked foods, and 2-amino-6-methyldipyrido[l,2-£r:3',2 / -c/Jimidazole 
(Glu-P-1) and 2-ami nod ipy ri dol [ 1, 2 a; 3 ',2 '-z/] i midazole (Glu-P-2), the pyrolysis products 
of glutamic acid, have also been quantified in the smoke of filtered cigarettes from Japan, 
the United Kingdom and the USA (Kanai eta!., 1990; Manabe etal ., 1991). 

(o) Nicotine, tar and CO yields and other components in cigarette smoke 
(i) Machine-smoking method — ISO/FTC parameters 

In 1998, there were 1294 brands of cigarette on the market in the USA for which the 
emissions of tar, nicotine and carbon monoxide (CO) had been measured (Federal Trade 
Commission, 2000). The reported emissions were based on a standardized machine- 
smoking procedure, introduced in 1936 by Bradford et a!., and adopted with some 
modifications by the Federal Trade Commission (Federal Trade Commission, 1967; 
Pillsbury et al., 1969). This method sets up the smoking machine to draw 35-mL puffs of 
2 sec duration once per minute until the predetermined butt length of 23 mm for unfiltered 
cigarettes — or the length of filter over wrapping paper plus 3 mm for filtered cigarettes 
— has been reached. Ventilation holes (when present) are not blocked during smoking. 

The FTC machine-smoking method, which is used in the USA, is very similar to that 
of the International Organization for Standardization (ISO), which is used widely 
throughout the rest of the world (Eberhardt & Scherer, 1995). The key parameters of these 
and of the other machine-smoking protocols referred to in this monograph are 
summarized in Table 1.9. 


Table 1.9. Machine-smoking protocols for measuring smoke yields of 
tobacco products 


Protocol 

Puff 

duration 

(sec) 

Puff 

interval 

(see) 

Puff 

volume 

(mL) 

Butt 

length 

(mm) 

Filter 

ventilation 

holes 

Tobacco Research Council 

2 

60 

35 

25 

NA 

Federal Trade Commission 

2 

60 

35 

23“ 

Open 

International Standards 
Organization 

2 

60 

35 

23" 

Open 

Massachusetts 

2 

30 

45 

23’ 

50% blocked 

Health Canada 1998-90 

2 

26 

56 

23" 

Fully blocked 

Health Canada 2000 

2 

30 

55 

23" 

Fully blocked 

International Committee lor 
Cigar Smoke Study 

1.5 

40 

20 

33 

Open 


NA, no! applicable 

"Cigarettes smoked to a 23-mm bull length or, if in excess of 23 mm, to she length of the 
filter and overwrap plus 3 mm 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Tar yields in mainstream smoke are influenced primarily by filtration, ventilation 
(filter tip ventilation and paper porosity) and the choice of tobacco type and blending 
recipe, As with any agricultural product, there is natural variation in tobacco composition 
from year to year. In order to manufacture a consistent product, tobacco blends are made 
using the crops from previous years. The length of cigarettes and their burning rate also 
influence smoke yields. A faster rate of burning results in a lower tar yield in mainstream 
smoke per cigarette, because the bum time determines the number of puffs and the total 
tar delivery increases with each puff (Kozlowski et al., 1980; Darby et al., 1984; 
Kozlowski el al., 1998). 

The tar and nicotine yields of cigarettes marketed in the USA have been systema¬ 
tically reported by the FTC since 1967, and the carbon monoxide (CO) ratings since 1980. 
The mainstream smoke of cigarettes currently marketed in the USA yields from < 0.05 mg 
to 2 mg nicotine, < 0.5 mg to 27 mg tar and < 0.5 mg to 22 mg CO per cigarette. The sales- 
weighted average yields of nicotine and ‘tar’ in smoke are now 0.9 mg and 12 mg per 
cigarette, compared with 1.4 mg and 21.6 mg, respectively, in 1968, a decrease of about 
40% (Federal Trade Commission, 2000), 

The reduction in tar lias been achieved by several methods including reduced tobacco 
weight, improved filtration, dilution with air through ventilation holes on the filter 
wrapping paper, die use of reconstituted and expanded tobacco, the use of chemical addi¬ 
tives to control the combustion rate and changes in agronomic practices. These modifi¬ 
cations have also significantly reduced the yields of constituents associated with the 
vapour phase (Hoffmann & Hoffmann, 2001; Kozlowski et al., 2001), For example, in 
comparison with an untipped cigarette with a yield of vinyl chloride of 15,3 ng/eigarette, 
charcoal filtration reduced vinyl chloride in mainstream smoke to 5.1 ng/cigaiette. The 
yield of benzene in mainstream smoke was correlated with the amount of tobacco burned 
and with the tar level. Agronomic factors such as production practices and soil characte¬ 
ristics, and environmental conditions such as rainfall, reportedly influence the accumu¬ 
lation of metals, including cadmium, beryllium, chromium, nickel and arsenic in the leaf. 
The use of fertilizers low in nitrates and heavy metals could reduce the yields of specific 
constituents in mainstream smoke (Smith et al., 1997). 

In the USA, the FTC-rated yields of tar and nicotine in smoke decreased by at least 
60% between 1950 and 1993 due largely to the introduction of filters (Stellmati et al., 
1997). However, smokers responded to low-yield cigarettes by changing their smoking 
behaviour so that they still obtained the desired amount of nicotine. Nicotine concen¬ 
tration in mainstream smoke is highly correlated with that of tar (r = 0.97 [0,93-0.99]; 
Kozlowski et a!., 1998), The subject of changes in lung cancer mortality or incidence sub¬ 
sequent to changes in cigarette composition is discussed in Section 2.1. 

In the United Kingdom, saies-weighted average tar yields have declined steadily. For 
example, in 1999, tar yield was 9.6 mg per cigarette, less than half the level in 1972. Over 
the same period, nicotine yields have decreased from 1.33 mg to 0.8 mg per cigarette; CO 
yields have shown smaller declines. At the same time as the absolute yields have declined, 
there have also been changes in tar to nicotine ratios. Smokers in the United Kingdom in 


TOBACCO SMOKE 7! 

1999 were exposed to 22% less tar per unit of nicotine than in 1973. In the United 
Kingdom, cigarettes have been tested according to ISO standards since 1991. Before 
1991, the Laboratory of the Government Chemist used a UK-specific definition of butt 
length, which resulted in slightly higher yields than the ISO method. There were also 
changes to the way nicotine was measured in 1991 which resulted in a decline of about 
5% in values measured, or 0.05 mg/cigarette for a mean yield of 1 mg (Jarvis, 2001). 
During 1983-90, a series of special studies investigated the yields and range of additional 
analytes (e.g. hydrogen cyanide, aldehydes, acrolein, nitric oxide (NO), low-molecular 
weight phenols and PAHs) and their inter-relationship with the routinely monitored com¬ 
ponents. With the exception of NO, which is strongly dependent on tobacco type, and the 
delivery of some phenols and PAHs, the routinely monitored tar, nicotine and CO 
provided an adequate guide to the yields of other analytes in mainstream smoke of ciga¬ 
rettes avaiiablc in the United Kingdom in the 1980s. Standard machine smoking condi¬ 
tions in terms of the duration (2 sec), volume (35 mL) and interval (58 sec) between puffs 
were applied (Phillips & Waller, 1991). 

(ii) ISO-FTC machine-smoking method—human smoking 
parameters 

When standard international smoking conditions (cigarettes were machine-smoked to 
a fixed butt length of 30 mm or filter-plus-overwrap plus 3 mm, when this length was 
greater than 27 mm; FTC puff volume, duration and frequency were applied) were com¬ 
pared with 26 different nonstandard conditions (variable puff volume, puff duration and 
interval between puffs), it was revealed that up to 95% of the variation in tar yield per 
cigarette could be explained by variation in the total volume of smoke produced per ciga¬ 
rette (Rickert et ai, 1986). 

When the influence of smoking parameters (puff profile including duration, volume 
and frequency of puffs) on the delivery' of TSNAs into mainstream smoke was inves¬ 
tigated, the total volume drawn through the cigarette was found to be the main factor 
responsible for the amount of TSNA delivery in mainstream smoke (Fischer et al., 
1989c). 

To obtain realistic estimates of smokers’ exposure to components of cigarette smoke, 
the puffing characteristics of 133 adult smokers of cigarettes rated by the FTC as having 
yields of 1.2 mg of nicotine or less (56 smokers of low-yield cigarettes (< 0.8 mg nico¬ 
tine/cigarette) and 77 smokers of medium-yield cigarettes (0,9-1,2 mg nicotine per ciga¬ 
rette)) were assessed by a pressure transducer system. The smoking profiles for a ran¬ 
domly chosen subset of 72 smokers were then programmed into a piston-type machine to 
generate smoke from each smoker’s usual brand of cigarettes for assays of nicotine, tar, 
carbon monoxide, ben 2 o[cr]pyrene and NNK. The FTC protocol was used in parallel to 
assess levels of benzo[a]pyrene and NNK in the II brands most frequently smoked by 
study subjects. Comparison with the FTC prulocoi values showed that smokers of low- 
and medium-yield brands took statistically significantly larger puffs (48.6-mL and 
44.1-mL puffs, respectively) at statistically significantly shorter intervals (21.3 and 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 1.10 (contd) 


Constituent 

Median yield/ 
cigarette 

Range/cigarette 

Unit 

4-Aminobiphenyl 

4,5 

1,8-1.8 

ng 

3-Aminobiphenyl 

2.0 

1.3-4.8 

ng 

Nickel 

NO 

ND 

"8 

Chromium 

NQ 

ND 

ng 

Selenium 

NQ 

ND 

ng 

- 1 


From Borgerdirg at al. (2000) 

ND, not detected (limit of detection for nickel, 8.4 ng/cigarette; for chromium, 3 ng/ 
cigarette; for selenium, 11.4 ng/cigarette; and for ortho-cresol, 1.3 ng/cigarette), NQ. not 
quantifiable (limit of quantification for resorcinol, 3 ng/cigarette); NNN, /f-nitrosonomico- 
tine; NNK, 4-(jV-nitrosomethylamino)-1 -(3-pyridyl)-1 -butanone 


The functional relationships established by the Massachusetts Benchmark Study can 
be used to predict the yields of certain individual mainstream smoke constituents for other 
brand styles that have not yet been tested, but tor which data on nicotine, tar and CO 
yields measured using the FTC parameters arc available. The example brand of cigarette 
illustrated in Table 1.11 is a full-flavour brand style that delivers 1,1 mg nicotine and 
14.5 mg tar according to the FTC method. By using the data on nicotine obtained by the 
FTC method for the example brand, the yields of mainstream smoke constituents found in 
the particulate phase can be predicted (these values are shown in the ‘mean’ column). 
Similarly, the CO yield for the example brand provides the basis for predicting main¬ 
stream smoke vapour-phase constituents. The highlighted constituents in Table 1.11 are 
predicted based on the CO yield. In addition to the mean values interpolated from the 
mainstream smoke functional relationships, lower and upper prediction interval values arc 
provided. For nicotine, the predicted upper yield for the example brand was 2.4 mg per 
cigarette and that for tar 34 mg per cigarette. Therefore, the established functional 
relationships provide both tentative predictions of the yields of some individual consti¬ 
tuents, given standard nicotine and CO yields, and the expected range of yields of some 
constituents. 

The drawback of this approach is that cigarettes with different tar and nicotine yields 
as measured by the FTC method are designed in ways that lead smokers to smoke them 
differently. Therefore, no single set of machine-smoking parameters will adequately 
reflect individual smoking behaviours and the resulting exposure to smoke carcinogens. 
Moreover, a very large inter-individual variation in smoking topography 1 for each brand 
needs to be taken into consideration during the exposure assessment. To demonstrate this, 


'Smoking topography is a method of assessing exposure, e.g. how much smoke enters the lung as estimated 
by measuring puff volume, the number of puffs per cigarette, puff duration, total inhalation time, flow rate 
and interval between puffs. 


Table 1.11. Application of mainstream functional relationships to estimate 
yield values for a hypothetical brand style: Massachusetts smoke 
constituent form 


Brand name.. 

Example brand 

Sub brand. 

FTC Nicotine yield (mg/cigarette).. 

1.10 

FTC Carbon monoxide yield (mg/cigarette) 

14.5 

Constituents pjmtj 

Massachusetts yields predicted ffom 1 999 
Benchmark Study 


Mainstream smoke 


Mean Lower 4 Upper 4 


Nicotine 

‘Tar’ 

CO 

Ammonia 

2-Aminonaphthalene 

1-Aminonaphthalene 

4-Aminobiphenyl 

Benzo[a]pyrene 

Formaldehyde 

Acetaldehyde 

Acetone 

Acrolein 

Propionaldehyde 

Crotonaldehyde 

Methyl ethyl ketone 

Butyraldehyde 

Hydrogen cyanide 

Mercury 

Nickel 

lead 

Cadmium 
Chromium 
Arsenic 
Selenium 
Nitric oxide 
A'-Nitrosonomicotine 
4-(Ar-Ni trosomethylamino)-1 - 
(3-pyridyl)-l-bulannne 
/V-Nitrosoanatabine 
V-Nitrosoanabasine 
Pyridine 


mg/cigarette 

2.2 

1.9 

2. 

mg/cigarette 

31 

28 

34 

mg/cigarette 

27 

19 

34 

Pg/cigarette 

50 

32 

67 

ng/cigarette 

18 

13 

23 

ng/cigarette 

37 

29 

44 

nu/cigarette 

5 

4 

6 

ug/cigarcttc 

27 

24 

31 

pg/cigarette 

69 

43 

95 

pg'cigarettc 

1796 

1488 

2104 

pg'eigarette 

696 

566 

825 

Pg'cigarelte 

184 

150 

218 

pg/cigarette 

125 

too 

150 

Pg/cigarette 

55 

42 

67 

pg/cigarette 

196 

154 

238 

pg/cigarette 

81 

64 

98 

pg/cigarette 

436 

373 

500 

ng/cigarette 

6 

2 

10 

ng/cigarette 

<12 

NA 

NA 

ng/cigarette 

63 

44 

82 

ng/cigarette 

151 

110 

192 

ng/cigarette 

<12 

NA 

NA 

ng/cigarctte 

14 

<12 

19 

ng/cigarette 

<12 

NA 

NA 

pg'eigarette 

514 

409 

618 

ng/cigarette 

250 

158 

342 

ng/cigarette 

176 

140 

213 

ng/cigarette 

231 

154 

308 

ng/cigaiclte 

33 

2! 

46 

pg/cigarette 

19 

13 

24 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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1 able 1.11 (contd) 


Constituents 

Units 

Massachusetts yields predicted from 1999 
Benchmark Study 



Mainstream smoke 

Mean Lowed’ Upper 5 


Quinoline 

JJgcigarette 

1 

1 

2 

Hydroquitione 

JJg/cigarette 

125 

89 

160 

Resorcinol 

pg/cigarcttc 

<3 

NA 

NA 

Catechol 

pigcigarette 

121 

80 

161 

Phenol 

pg/cigarette 

37 

10 

64 

mem + pura-Cresd 

JJg/cigarette 

26 

12 

41 

nrt/m-Cresol 

Jlg/cigarette 

9 

<5 

19 

1,3-Butadiene 

ptg/cigarette 

89 

60 

119 

Isoprene 

ptg/cigarette 

846 

594 

1099 

Acrylonitrile 

Jig/cigarette 

30 

16 

43 

Benzene 

Jig/cigarette 

87 

62 

113 

Toluene 

Ug/cigarette 

143 

102 

184 

Styrene 

Hg/cigarette 

14 

9 

19 


From Borgerding a at. (2900) 

" ‘Lower' and ‘upper’ val lies calculated from 95% prediction interval s ' 

NA, not applicable 

the smoke yields measured by the Massachusetts method for the two leading full flavour 
regular and mentholated cigareites in the USA were compared with the values obtained 
by mimicking the puffing patterns of two individuals who smoked those particular ciga¬ 
rettes (Table 1.12). The smoker of the mentholated brand drew in 5.6 mg nicotine per 
cigarette and the smoker of the non-meulholated brand drew in 4.1 mg nicotine. These 
amounts were twice those estimated by the Massachusetts method. Moreover, the smoker 
ot non-menthoiated brand took in four times more carcinogenic TSNAs (Djordjevic et al., 

2000a) than determined by the ‘intense’ Massachusetts method or by the FTC method. 

When hand-rolled Thai cigarettes made with local-brand tobacco were machine- 
smoked at a rate of two puffs per minute, an average of 5.8 mg nicotine per cigarette was 
measured in the mainstream smoke by the FTC method (Mitacek et al., 1990). Indian 
cigarettes delivered up to 34 mg total particulate matter and up to 2.6 mg nicotine per 
cigarette when machine-smoked under the same conditions (Pakhale & Maru, 1998). 

The delivered doses of some gaseous carcinogens could be higher than those shown 
in Table 1.10 if smokers completely blocked the filter air vents during puffing. I 

3runncmann et al. (1990) found that the levels of 1,3-butadiene, acrolein, isoprene, i 

tenzene and toluene were 3.3—8.8 limes higher than the levels obtained by not blocking 
the ventilation holes. Stanfill and Ashley (2000) also reported that complete blocking of i 
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Table 1.12. The yields nf four components in the mainstream smoke of the two 
leading full-flavour filter-tipped cigarettes from the USA smoked by two 
individuals 



Full-flavour, non-mentholatcd 

Full-flavour, mentholated 



FTC* 

Mass/ 

HSC 

HSC/ 

FTC 

Mass. 

HSC d 

HSC / 





Mass. 




Mass 

Nicotine (mg'cigareHe) 

1.1 

2.1 

4.1 

2.0 

1.2 

2.6 

5.6 

2.2 

BoP (ng/cigarctte) 

12.5 

27.8 

34.6 

1.2 

15.4 

31.2 

34.3 

1.1 

NNN (ng/ciearette) 

270 

202.0 

794.0 

3.9 

302 

243.1 

537.0 

2.2 

NNK (ng/cigarctte) 

156 

184.0 

714.0 

3.9 

164 

198.4 

239.0 

1.2 


From Borgerding etui. (2000); Djordjevic mat. (2000a) 

a Federal Trade Commission machine-smoking parameters: a 35-mL. 2-sec puff once per minute 

I Massachusetts machine-smoking parameters: a 45-inL, 2-sec puff every 30 sec, 50% of the venti¬ 
lation holes blocked 

■* Human Smoking Conditions: smoking machine programmed to imitate the putting behaviour of a 
smoker of full-flavour, non-mentholated cigarettes 

II Human Smoking Conditions: smoking machine programmed to imitate the puffing behaviour of a 
smoker of full-flavour, mentholated cigarettes 

8aP, benzo[a]pyrene;NNN, JV'-nitrosonomicotine; NNK, 4-jiV-nilrosomelhylamino)-i-(3-pyridyl)-l- 
butanone 

ventilation holes in a cigarette’s filter increased the percentage transfer of flavour-related 
alkenylbenzenes (eugennl, isoeugenol, methyleugenol, myristicin and elemicin) from 
tobacco to the particulate fraction of mainstream smoke by twofold to sevenfold. 

(iv) Machine-smoking method — Health Canada parameters 

The Tobacco Sales Act (1998) of British Columbia, Canada, mandates a machine¬ 
smoking method for cigarette testing that utilizes even more intense settings (puff volume, 
55 mL; puff interval, 30 see; puff duration, 2 see; and 100% of the ventilation holes must be 
blocked during smoking). (For the reporting years 1998 and 1999, puff volume was 56 mL, 
puff interval 26 sec and the other parameters were the same as those currently in use). 

The British Columbia Ministry of Health web site provides information on both in 
mainstream and sidestream smoke deliveries of 44 constituents in commercial leading 
Canadian cigarettes (the top 22 brands in British Columbia account for 70-80% of the 
market) under both standard (FTC/ISO methods) and modified, more intense smoking 
conditions, known -as Health Canada smoking parameters (htlp://vvww,hcalthplanning. 
gov.bc.ca/ttdr/index.html). in 1999, ‘regular’, Tight’, ‘extra light’ and ‘ultra light’ varieties 
of a leading Canadian cigarette brand sold in British Columbia were reported to deliver 
into mainstream smoke an average of 0.8-1.1 mg nicotine as measured by ISO smoking 
parameters and 2.5—2.9 mg nicotine per cigarette when measured by Health Canada 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 1.13. Vieltls of IARC carcinogens in (tie mainstream smoke of Canadian 
regular siae cigarettes — Comparison of ISO and Health Canada machine¬ 
smoking parameters 


Compound ISO smoking parameters' 



Regular 

Light 

Extra 

Ultra 

Regular/ 

Regular/ 

Regular/ 




light 

light 

light 

extra 

ultra 







light 

light 

Tar (mg/cig) 

Nicotine (mg/njj) 

13.4 

1.1 

U.l 

II 

U 

1.1 

5.7 

0.8 

1.2 

10 

1.6 

1.0 

2.3 

13 

IARC Group I 

Benzene (^g/cig) 

56.3 

51.8 

4U.6 

27.2 

1.1 

1,4 

2.1 

Cadmium (ng/cig) 

114.0 

1080 

80.2 

32.4 

1.1 

1.4 

3.5 

2-Aminonupththalene 

11.8 

7.5 

9.5 

6.7 

1.6 

1.2 

18 

(nj/cigl 

Nickel (flg/cig) 

4.0 

5.1 

3.8 

3.9 

0.8 . 

1.1 

1.0 

Chromium (ng/eig) 

5.0 

2.1 

3.3 

2.8 

2,4 

(.5 

1.8 - 

Arsenic fijg/ug) 

4-Amino biphenyl 

BDL 

1.4 

NQ 

1.2 

BDL 

1.4 

BDL 

l.l 

12 

l.o 

1.3 

(ng/cig) 








IARC Group 2A 
Formaldehyde (pg/cig) 

60.8 

25.8 

20.5 

9,7 

2.4 

3.0 

6.3 

1,3-Butadiene (kig/cig) 

46.6 

26.4 

26.9 

15.3 

1.8 

1.7 

3.0 

Renzo [djpyrene 

11.3 

10.6 

8.7 

6.2 

l.l 

1.3 

1.8 

(ng/cig) 








IARC Group 2B 
Acetaldehyde (pe/eig) 

703.0 

565.0 

439.0 

260.1) 

12 

1.6 

2.7 

Isoprene (p^cig! 

222.0 

173.0 

131.0 

78.8 

1.3 

17 

2,8 

Catechol Qig/cig) 

74.5 

74.7 

69.0 

50.9 

E.O 

l.l 

1.5 

Acrylonitrile (|ig/cig) 

11.9 

11.3 

7.2 

4.4 

l.l 

1.6 

2,7 

Styrene (pg'cig) 

10.9 

5.7 

3.5 

2.9 

1.9 

3.1 

3.8 

NNK (ng/ctg) 

84.4 

58.0 

73.1 

56.9 

1.5 

1.2 

1.5 

NNN (ng/cig) 

47.0 

23.3 

35.? 

26.4 

18 

1.2 

1.6 

lead (ng/cig) 

15.2 

13.4 

8.7 

5.2 

l.l 

1.7 

2.9 


BDL, he low detection level; NQ, not quart till able; NNK. 4-(A'-nitrosoindhylaminoH-(3-pyrtdylM-buta- 
none; NNN, tt -nitrosonomicoline 

'International Standards Organization/Uniled States Federal Trade Commssiun test conditions; putT vo¬ 
lume. 35 mL; puff interval, Wlscc; puff duration, 2 sec; ventilation boles not blocked 
h Modified ISO test conditions; puff volume, 56 ml; pufTiiitcivil, 26 see; puff duraliun, 2 see; ventilation 

holes full blocked 

smoking parameters. The tar deliveries into mainstream smoke were 5.7-13.4 mg per ciga¬ 
rette under ISO, and 28.2-36.1 mg per cigarette, under the Health Canada smoking con¬ 
ditions (Table 1.13). 

The yields of six IARC Group 1 carcinogens (benzene, cadmium, 2-aminonaphthalene, 
nickel, chromium and 4-amirtobiphenyl) in the mainstream smoke from the above-men¬ 
tioned Canadian cigarettes were an average of 2-4 times higher when measured by Health 
Canada than when measured by ISO smoking parameters. For example, using the ISO para¬ 
meter, die mean yields of benzene were 27-56 pg/cigarelte and using Health Canada para¬ 
meters, 82-121 pg/cigarette. Similar 2-4-fold differences were seen in mainstream smoke 


Table !,!3(cojitd) 


1 kulth Canada (HQ smoking parameters 1 * 




lie/ 

HC/ 

IIC/ 

H C 

Regular 

Light 

Extra 

light 

Ultra 

light 

Regular/ 

light 

Regular/ 

extra 

light 

Regular/ 

ultra 

light 

Regular 

Light 

Extra 

light 

Ultra 

light 

36.1 

34.2 

28.3 

28.2 

l.l 

1.3 

1.3 

2.7 

3.1 

3.3 

4.9 

2.5 

2.9 

2.6 

2.6 

0.9 

1.0 

10 

2.4 

2.7 

2.3 

3.3 

81.9 

121.0 

97.11 

920 

0.7 

0.8 

0.9 

1.5 

2.1 

3.4 

3.4 

258.0 

2160 

263.0 

244.0 

1.2 

1.0 

l.l 

2.3 

2.0 

3.3 

. 7.5 

W.I 

6.2 

18.3 

16.8 

2.9 

1.0 

u 

1.5 

0.S 

1.9 

2.5 

12 

23.5 

9.4 

11.5 

03 

0.8 

0.6 

1.8 

4.6 

2.5 

2.9 

11.8 

111 

15.1 

J5.5 

0.9 

0.8 

0.8 

2.4 

6.4 

4.6 

5.5 

NQ 

3.0 

NQ 

1.3 

NQ 

3.2 

NQ 

3.0 

2.3 

0.9 

1.0 

2.2 

1.1 

2.3 

2.8 


140.0 

81.fi 

79.9 

100.0 

1.7 L 

.8 1.4 

2.3 

3.2 

39 

10.3 

76.3 

71.9 

66.2 

66.2 

1.1 1, 

.2 1.2 

1,6 

2.7 

2.5 

4.3 

29.3 

21.6 

26.8 

24.7 

1.4 l 

,1 1.2 

2,6 

. 2.0 

3.1 

4.0 


13711) 

1354.0 

1133.0 

1008.0 

1.0 

1.2 

1.2 

2.0 

2.4 

2.6 

4.2 

357.0 

428.0 

356.0 

344.0 

0.8 

1.0 

1,0 

1.6 

2.5 

2.7 

4.4 

144.0 

144.0 

163.0 

168.0 

t.O 

0.9 

0.9 

1.9 

1.9 

2.4 

3.3 

21,2 

34.0 

23.5 

22.0 

0.6 

0.9 

1.0 

1.8 

3.0 

3,2 

5.0 

26.5 

29.5 

26.0 

25.4 

0.9 

1.0 

10 

2.4 

5.3 - 

7.4 

U 

174.0 

115.0 

184.0 

166.0 

1,5 

0.9 

1.0 

2.1 

2.0 

2.5 

2.9 

82,3 

52.5 

90.6 

76.5 

1.6 

0.9 

1.1 

2.0 

2.3 

2.6 

2.9 

311 

27.5 

25.2 

27.0 

1.2 

13. 

1.2 

2.1 

2.1 

2.9 

5.2 


yields of 11 IARC Group 2 carcinogens (formaldehyde, 1,3-butadiene, benzo[a]pyrene, 
acetaldehyde, isoprene, catechol, acrylonitrile, styrene, NNN, NNK and lead) between the 
results obtained using the ISO and Health Canada methods. Whereas the yields of most of 
the 17 IARC carcinogens measured in mainstream smoke are significantly lower in the 
‘ultra light’ cigarette; than in the ‘regular’ cigarette, there was practically no difference in 
yields for most IARC carcinogens between the ‘ultra light’ cigarette and the ‘regular’ 
cigarette when measured by the Health Canada method. For example, in the ‘regular’ and 
‘ultra light’ cigarettes, benzene yields were 56 and 27 pg/cigarette using ISO parameters 
compared with 82 and 92 pg/cigarette using the Health Canada parameters (Tabic 1.13). 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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(b) The emissions of nicotine and carcinogens in mainstream smoke: 

international comparison 

Regardless of the designation of the cigarettes as low-yield and high-yield, the 
presence of a large pool of nicotine in tobacco enables the smoker, driven by a physio¬ 
logical need, to titrate his or her own dose by engaging in compensatory (more intense) 
smoking behaviours (i.e. more and longer puffs) (Henningfielti et ai, 1994; Kozlowski 
et ai, 1998; Djordjevic et ai, 2000a). As a consequence, the more intense smoking will 
not only drive up the nicotine yield in smoke, but carcinogen yields as well. Therefore, 
both the qualitative and quantitative composition of a cigarette blend need to be consi¬ 
dered when evaluating the addictive and carcinogenic potential of a specific product. 

Table 1.14 lists the tobacco smoke carcinogens that have been evaluated previously in ; 
the IARC Monographs series and for which there is at least sufficient evidence of carcino¬ 
genicity in laboratory animals. Among these, there are 1! human carcinogens. The 
compounds listed here are those primarily responsible for the cancer-causing effects of 
tobacco smoke. There are also other compounds in tobacco smoke that may be carcino¬ 
genic, but have not been evaluated by IARC. Tobacco smoke also contains tumour 
promoters (phenolics), co-carcinogens (catechol and related compounds), toxic agents 1 
(acrolein and other aldehydes) and free radical species (nitric oxide and others). Most of 
the compounds listed in Table 1,14 are thought to exert their carcinogenic effects through 
classical genotoxic mechanisms, e.g. the formation and persistence of DNA adducts with 
consequent miscoding. Non-genotoxic (epigenetic) mechanisms such as cytotoxicity 
through means other than DNA damage, changes in gene expression via bypermethy 1 ation 
and genomic instability are other mechanisms of carcinogenesis that could operate after 
exposure to compounds in tobacco smoke. 

Data on the carcinogenicity of the specific compounds in animals and humans in 
Table 1.14 are not discussed in this monograph, which focuses on the effects of tobacco 
smoke as a mixture. All the data on the carcinogenicity of these compounds are given in 
the appropriate IARC Monographs. The carcinogenic properties of some of these com¬ 
pounds are described briefly below. 

PAHs arc a diverse group of carcinogens formed during the incomplete combustion 
of organic material such as tobacco. They are found in tobacco smoke, broiled foods and : 
polluted environments. Workers in iron and steel foundries and aluminium production 
plants are exposed to PAHs and these exposures are thought to be the cause of excess , 
cancers in these settings (IARC, 1983a, 1984). Benzo[a]pyrene is the best known member 
of this class of compounds. PAHs are potent locally acting carcinogens in laboratory 
animals. They induce tumours of the upper respiratory tract and lung when administered 
by inhalation, instillation in the trachea or implantation in the lung (IARC, 1973, 1983a). I 

Af-Nitrosamines are a large group of carcinogens that induce tumours in a wide variety 
of animal species and tissues. There is no reason to assume that humans might be resistant 
to the effects of these carcinogens. They are present in small amounts in foods and can he j 

formed endogenously, but tobacco products are the most widespread and largest source of ; 


Table 1.14. Carcinogens in cigarette smoke 


Agent Amount in IARC Monographs evaluation of Monograph volume. 



mainstream 

cigarette 

smoke 

carcinogenicity 


year 


In 

animals 

In 

humans 

IARC 

Group 


Polynuclear aromatic hydrocarbons 





IS rr./[vja:itl; nirtrr.c,- 

20-70ng 

Sufficient 


2A 

32, 1983a; S7, 1987 

8enzo[i>]fluoranihene 

4-22 ng 

Sufficient 


2B 

32, i 983a; 57, 1987 

Benzo[/] fluoranthene 

6-21 ng 

Sufficient 


2B 

32, 1983a; S7,1987 

Benzo[3]fluoranthene 

6-12 ng 

Sufficient 


2B 

32,1983a; 57,1987 

Benzo|o]pyrene 

8.5-11.6 ng u 

Sufficient 


2A 

32, 1983a; 57,1987 

Dibenz(i3,/tjan!hraceite 

4 ng 

Sufficient 


2A 

32,1983a; 57,1987 

Dibenzo[ftt]pyn;ne 

1.7-3.2 ng 

Sufficient 


2B 

32, 1983a; 57.1987 

Dibenzo[tf,e]pyrene 

Present 

Sufficient 


2B 

32, 1983a; 57,1987 

In<leno[/,2,3-a7]pyrene 

4-20 ng 

Sufficient 


2B 

32, 1983a; 57, 1987 

j-Metltykhrysene 

ND-0,6 ng 

Sufficient 


2B 

32, 1983a; 57,1987 

Heterocyclic hydrocarbons 

Furan 

2040 gg b 

Sufficient 


2B 

63, 1995b 

Dibenz(a,/i)acridine 

ND-O.I ng 

Sufficient 


2B 

32, 1983a; 57,1987 

Dibenzfs/facridine 

ND-lOng 

Sufficient 


2B 

32,1983a; 57.1987 

Dibenzo(c,g)carbazole 

ND- 0.7 ng 

Sufficient 


2B 

32, 1983a; 57,1987 

BeuzotN&raii 

present 

Sufficient 


2B 

63,1995b 

A’-Nitrosamines 

jV-Nitrosodimelhylamine 

0.1—180 ng h 

Sufficient 


2a 

17, 1978; 57,1987 

/V-N it ro soeth yl 1 meth y la mi ne 

ND-13 ng 

Sufficient 


2B 

17, 1978; 57,1987 

/V-Nitrosodietfiyfamine 

NfWSng 1 ' 

Sufficient 


2A 

17, 1978; 57,1987 

JV-N i trosopy rrol id i ne 

1.5-1 King* 

Sufficient 


2B 

17, 1978; 57,1987 

N-Nitrosopiperidine 

ND-9 tig 

Sufficient 


2B 

37,1978,57,1987 

A’-Nitr osod i ethanolam i nc 

ND-36ng l 

Sufficient 


2B 

77,1978; 77,2000 

j\"- N itrosonomicotinc 

154-196 ng 1 

Sufficient 


2B' 

37, 1985b; 57,1987 

4-(Methyliiitrosamino)-1- 
(3-pyndyiyi-buranone 

110-133 ng’ 

Sufficient 


2B' 

37, 1985b; 57, 1987 

Aromatic amines 

2-Toluidine 

30-200 ng h 

Sufficient 

Limited 

2A 

S7,1987; 77,200(1 

2,6-Dimeihylanilinc 

4-50 ng 

Sufficient 


2B 

57,1993 

2-Napltthylaraine 

1-22 ng b 

Sufficient 

Sufficient 

1 

4, 1974; 57,1987 

4-Aminobiphenyl 

2-5 ng b 

Sufficient 

Sufficient 

1 

1,1972; 57,1987 

A-Heterocyclic amines 

A-«-C 

25-260 ng 

Sufficient 


2B 

40, 1986b; 57,1987 

MeA-a-C 

2-37ng 

Sufficient 


2B 

40. 1986b; 57,1987 

IQ 

0.3 ng 

Sufficient 


2A 

57,1987; 56 ,1993 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 1.14 (contd) 

Agent Amount in IARC Monographs evaluation of Monograph volume, 

mainstream carcinogenicity year 

cigarette —" 

smoke In In IARC 

animals humans Croup 


Trp-P-l 

0.3—0.5 ng 

Sufficient 


2B 

3/, 1983b; 57,1987 

Trp-P-2 

0.8-1. Ing 

Sufficient 


2B 

II, 1983b; 57,1987 

Glu-P-1 

0.37-0.89 ng 

Sufficient 


2B 

4ft, 1986b; 57,1987 

Glu-P-2 

0.25-0.88 ng 

Sufficient 


2B 

4ft, 1986b; 57,1987 

PhlP 

11-23 ng 

Sufficient 


2B 

56, 1993b 

Aldehydes 

Formaldehyde 

10.3-25 pg" 

Sufficient 

Limited 

2A 

57,1987; 62,1995a 

Acetaldehyde 

770-864 jig* 

Sufficient 


2B 

57,1987; 71 ,1999 

Phenolic compounds 

Catechol 

59-81 ug” 

Sufficient 


2B 

57, 1987; 71 .1999 

Calfeic acid 

< 3 Be 

Sufficient 


2B 

56, 1993b 

Volatile hydrocarbons 

1,3-Butadiene 

20-40 pg b 

Sufficient 

Limited 

2A 

57,1987; 71 ,1999 

lsoprene 

450-1000 pg 

Sufficient 


2B 

60, 1994; 71 ,1999 

Benzene 

12-50 pg b 

Sufficient 

Sufficient 

1 

29, 1982; 57,1987 

Nitrohydrocarbons 

Nitromethane 

0.5—0.6 jig 

Sufficient 


2B 

77,2000 

2-Nitropropane 

0.7-1.2 ng" 

Sufficient 


28 

57,1987; 71 ,1999 

Nitrobenzene 

25 pg 

Sufficient 


2B 

65,1996 

Miscellaneous organic compounds 

Acetamide 38-56 tig 

Sufficient 


2B 

57,1987; 71 ,1999 

Acrylamide 

present 

Sufficient 


2A 

57, 1987; 60 .1994 

Acrylonitrile 

3-15 pg 

Sufficient 


2B 

67,1987; 71 ,1999 

Vinyl chloride 

11-15 ng 

Sufficient 

Sufficient 

1 

19, 1979; 57,1987 

1,1 -Dimethylhydrazine 

presenl 

Sufficient 


2B 

4, 1974; 77,1999 

Ethylene oxide 

Thg 

Sufficient 

Limited 

1 

69,1994; S7,1987 

Propylene oxide 

0-100 ng 

Sufficient 


2B 

60, 1994; 57,1987 

Hydrazine 

24^13 ng 

Sufficient 


2B 

57, 1987; 71 ,1999 

Urethane 

20-38 ng 6 

Sufficient 


2B 

7, 1974; 57,1987 

Metals and metal compounds 

Arsenic 40—120 ng b 

Sufficient 

Sufficient 

1 

84, 2004a 

Beryllium 

0.5 ng 

Sufficient 

Sufficient 

1 

57, 1987; 55,1993a 

Nickel 

ND-600ng 

Sufficient 

Sufficient 

1 

57, 1987; 49.1990 

Chromium (hexavalenl) 

4-70 ng 

Sufficient 

Sufficient 

1 

57, 1987; 49,1990 

Cadmium 

41-62 ng h 

Sufficient 

Sufficient 

1 

57,1987; 58, 1993a 

Coball 

0.13-0.20 ng 

Sufficient 


2B 

52, 1991 
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Table 1.14 (con(d) 


Agent 

Amount in 
mainstream 
cigarette 
smoke 

IARC Monographs evaluation of 
carcinogenicity 

Monograph volume, 
year 


In 

animals 

In 

humans 

IARC 

Group 


Lead (inorganic) 

Radio-isotope 

34-85 ng 

Sufficient 

Limited 

2A 

21, 1980; 57,1987; 
67,2004b 

Polonium-210 

0.03-1 .OpCi 

Sufficient 


1 

78, 2001 


This table (modified from Hoffmann el al., 2001) shows components of unfiltered mainstream cigarette 
smoke, with amounts given per cigarette. Virtually all these compounds are known carcinogens in experi¬ 
mental animals. In combination with data on cancer in humans and - in some cases - other relevant data 
(see Preamble ), IARC Monographs classifications for these agents have been established as Croup 2B 
(possibly carcinogenic to humans), Group 2A (probably carcinogenic to humans) or Croup 1 (carcino¬ 
genic to humans), When IARC evaluations were made more than twice, only the two most recent Mono¬ 
graphs are listed, with volume number and year of publication. No entry in the column ‘humans' indicates 
inadequate evidence or no data. 

Abbreviations: 57, Supplement 7 of the IARC Monographs', ND, not detected; A-ct-C, 2-amino-9//-py- 
ndo[2,3-bJindole; MeA-a-C, 2-aminu-3-methyl-9tf-pyrido[2,3-b]indoIe; IQ, 2-amino-3-methylimidazo- 
i [4,5-6]quinoline; Trp-P-l,3-amino-l,4-dimethyl-5//-pyridr>[4,3-i]indole; Trp-P-2,3-amino-1-methyl-5//- 

i pyiido(4,3-6]indole; Glu-P-l,2-amino-6-methyl[l,2-a:3',2"-i/linudazole; Glu-P-2,2-aminodtpyrido(l,2- 

( a:3',2"-r/]imidazole; PhlP, 2-amino-l -methyl-6-phenylimidazo[4,5-6]pyTidine; pCi, picoCurie. 

j ‘ Data from Swauger el a!. (2002) (for ‘full-flavour’ cigarettes) 

| b Data from US Department of Health and Human Services (1989) 

| 1 Corrected value (see Fowler & Bates, 2000) 

exposure to these carcinogens. Tobacco smoke contains volatile Anitrosamines such as 
NDMA and NPYR as well as TSNAs sudi as NNN and NNK. TSNAs are chemically 
related to nicotine and other tobacco alkaloids and are. therefore found only in tobacco 
products or related materials. Many A-nitrosamines are powerful carcinogens in labo¬ 
ratory animals, displaying striking organospccificity. For example, NNN causes tumours 
of the oesophagus and nasal cavity in rats, whereas the principal target of NNK. m rodents 
is the lung. NNK is the only tobacco smoke carcinogen that induces lung tumours syste- 
mically in all three commonly used rodent models (i.e. rat, mouse and hamster) (IARC, 
1978; Hccht, 1998). 

Aromatic amines were first identified as carcinogens as a result of the exposure of 
workers in the dye industry. Of these, 4-aminobiphenyl and 2-naphthylamine are well- 
established human bladder carcinogens (IARC, 1972, 1974). Aromatic amines cause 
tumours at a variety of sites in laboratory animals. Some members of this class such as 
orfho-toluidine are only weakly carcinogenic. Heterocyclic aromatic amines are protein 
pyrolysate products found in broiled foods as well as in tobacco smoke. They are mode- 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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rately carcinogenic in various tissues including breast and colon (IARC, 1983b, 1986b, 
1987,1993b). 

Formaldehyde and acetaldehyde induce respiratory tract tumours in rodents when 
administered by inhalation (IARC, 1987,1995,1999). They are weaker carcinogens than 
PAHs, A'-nitrosamines and aromatic amines, but their concentrations in tobacco smoke are 
thousands of times higher. Butadiene and benzene are volatile hydrocarbons that also 
occur in considerable quantities in tobacco smoke. Butadiene is a multi-organ carcinogen, 
with particular potency in mice, whereas benzene causes leukaemia in humans (IARC, 
1982,1987,1999). Metals such as nickel, chromium and cadmium are human carcinogens 
that are also present in tobacco smoke (IARC, 1987,1990, 1993a). 

Of the carcinogens discussed here, only NNK and NNN are specific to tobacco 
products. This is important when considering biomarkers of human carcinogen uptake. 
Carcinogen uptake in humans exposed to tobacco smoke can thus be specifically moni¬ 
tored by measurement of NNK metabolites (Hecht, 2003). 

The total yields of carcinogens per cigarette are often several times higher than their 
yields in mainstream smoke. For example, total yields (mainstream smoke + sidestream 
smoke) of four popular Canadian cigarette brands including ‘regular’, light’, ‘extra light’ 
and ‘ultra light’ cigarettes measured in nanograms per cigarette were: benzene, 
278000-548 000; cadmium, 115-592; arsenic, below detection level; nickel, 38-631; 
chromium, 64-78; 2-naphthylamine, 155-193; and 4-aminobiphenyl, 21-24 (Govern¬ 
ment of British Columbia, 2002). 

The data presented in Table 1.15 on the composition of mainstream smoke generated 
by machine-smoking according to the FTC standard of cigarettes sold globally point to a 
wide range of emissions of nicotine, ‘tar’and TSNA. The highest concentrations ofTSNA 
were measured in unfiltered cigarettes sold in France and Italy (up to 1353 ng NNN and 
up to 1749 ng NNK per cigarette), The same brands contained the highest amounts of pre¬ 
formed TSNA (Fischer et al ., 1990c). The lowest emissions were measured in blended 
cigarettes sold in Canada, Japan, the Netherlands, Sweden and the United Kingdom, with 
upper values of 66-103 ng NNK. Surprisingly, the NNN and NNK levels in the main¬ 
stream smoke of two cigarette brands from India were very low given the extremely high 
levels of preformed TSNA in the tobacco (Nair el a!., 1 989). The concentrations of benzo- 
[ajpyrene in mainstream smoke ranged from 2.2 ng/cigarette to 28.4 ng/cigarette, except 
in Indian brands, in which the concentrations were 85-114 ng/cigarette (Table 1.15). 

The comparative assessment of the composition of mainstream smoke of three 
popular brands of filter-tipped cigarette from the USA purchased on the open market in 
29 countries worldwide showed little remarkable variation in the amounts of tar and nico¬ 
tine, but substantial differences in the yields of NNN and NNK within each brand (Table 
1.16). While the maximal variation in ‘tar’ levels in mainstream smoke ranged from 1.5- 
to twofold, the yields of NNK varied from three- to ninefold. NNK and NNN yields were 
highly correlated (r= 0.88; Gray etal., 2000). 

To determine what governs the nitric oxide yields of cigarettes, 17 British, 14 Ame¬ 
rican, eight French and one Turkish brand with a mean tar yield of 14.4 mg/cigarette in 
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Table 1.16. The chemical composition of the three 
cigarette brands sold in 29 countries worldwide 



Brand [ 
(Camel) 

Brand II 
(Lucky Strike) 

Brand 1(1 
(Marlboro) 

Tar (mg/cig) 

10.6-15.7 

11.8-20.4 

8.4-15.9 

Nicotine (mg/cig) 

0.85-1.3 

0.85-1.3 

0.68-1.25 

NNK (ng/cig) 

40-150 

50-240 

35-325 


From Gray et al. (2000) 

NNK, 4-(M-niUt)sometbylaminu)-l-(3-pyridyl)-l-butanont: 


mainstream smoke were analysed under standard machine-smoking conditions (Borland 
& Higenbottam, 1987). The country of origin appeared to be the major factor affecting 
NO yield. The mean values for American and French brands exceeded those for British 
brands by three- to fivefold. The NO yields in the mainstream smoke of British cigarettes 
ranged from 10 to 222 pg/cigarette, those in American cigarettes from 230 to 384 pg and 
those in French cigarettes from 320 to 409 (tg/cigarette. These international differences in 
NO yields reflect differences in the nitrate content of tobaccos traditionally used in the 
manufacture of cigarettes in those countries. In 1996, the yields of tar and NO in the 
mainstream smoke of 33 cigarette brands from the British market were determined to 
ascertain if the formulations that reduced FTC tar yields when compared with those 
measured in the 1980s had an effect on NO yields. The mean tar yield was 

10.8 mg/cigarette and the mean NO yield 141.4 pg/cigarette (range, 22-279 pg/cigarette). 
For the 11 cigarette brands for which samples manufactured in the 1980s were available 
for comparison, the median NO yields in 1996 were higher: 145 versus 110 pg/cigarette, 
with corresponding ranges of70-279 and 40-450 pg/cigarette (Laboratory of the Govern¬ 
ment Chemist, 1998). 

The yields of volatile A'-nitrosamlnes in mainstream smoke are one or two orders of 
magnitude lower than those of TSNA. In Germany and the USA, NDMA yields ranged 
from 4.1 ng to 15.2 ng/cigarette in filter-tipped cigarettes and from 9.4 ng to 76 ng in un¬ 
tipped cigarettes. NPYR levels ranged from 3.9 to 32.7 and from 6.9 to 64.5 ng/cigarette 
for filter-tipped and untipped cigarettes, respectively (Adams et al, 1987; Tricker et al., 
1991; Brunnemann et a!., 1994). In Thai cigarettes, NDMA yields ranged from 8.5 to 

31.9 ng/cigarette and NPYR from 8.8 to 49.6 ng/cigarette (Mitacek etal., 1999). 

The concentrations of benzene and associated volatile compounds were determined in 
the mainstream smoke of 26 cigarette brands on the British market by the ISO smoking 
parameters. The average benzene yield was 40 pg/cigarette (range from 3.2 to 61.7 pg per 
cigarette) in British brands, in comparison with an average yield of 55 pg/cigarcttc in the 
USA (Darrdll et a/.. 

In the six major brands of Thai filter-tipped and untipped cigarettes with tar yields of 
4.98-34.8 mg, the levels of benzene were 25.5-40 pg/cigarette and the levels of 1,3-buta- 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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diene were 44.6-78.7 pg/cigarette. The amount of acrolein ranged from 79.9 to 181 fig/ 
cigarette and that ofisoprcne from 313 to 694 gg/eigareUe. The yields of these substances 
showed no correlation with tar deliveries in mainstream smoke (Mitacek et a!., 2002). 

Smoking fewer cigarettes may erroneously be expected to reduce exposure to toxins 
even if the smoker smokes more intensely to compensate for the reduced number of ciga¬ 
rettes. In a controlled experiment in which the average number of cigarettes smoked was 
reduced from an average of 37 to 5 cigarettes per day, the resulting urinary mutagenic 
activity per cigarette increased roughly threefold and daily exposure to nicotine and CO 
declined by only 60 and 50%, respectively/Benuwitz et al ., 1986). The reduction of the 
number of cigarettes smoked from 40 per day to 20 per day was not followed by a consis¬ 
tent reduction in the concentration of biomarkers of exposure to tobacco carcinogens 
(Hurt el at., 2000). 

(c) Other constituents of cigarette smoke 

Polychlorodibenzodioxins (PCDDs) and polychlorodibenzofurans (PCDFs) have 
been quantified in the 10 best-seliing brands of Herman cigarettes. None of the cigarettes 
were found to contain 2,3,7,8-tetrachlorodibenzodioxin (TCDD). The total delivery of 
tetra-octachlorodibenzodioxins in mainstream smoke expressed as TCDD equivalents 
ranged from 0.05 to 0.17 pg/cigarette. The total PCDD deliveries were 4.4—103 pg/ciga- 
rette, and PCDF deliveries were 1.4-5.2 pg/cigarette (Ball et at, 1990). 2,3,7,8-TCDD 
concentrations were also below the limit of detection (0.5 pg^g) in cigarettes and cigarette 
smoke analysed in Japan, but the toxic equivalent value for total PCDDs in smoke was 
1.81 ug/ml Daily in take of PCDDs by smoking 20 cigarettes was estimated to be approxi¬ 
mately 4.3 pg/kg bw per day (Muto & Takizawa, 1989). 

The levels of organochlorinated pesticides were assessed in cigarettes from Japan, the 
USA and the former USSR. The major organochlorinated pesticides identified in tobacco 
and in the mainstream smoke of commercial cigarette brands in the USA that were manu¬ 
factured between 1961 and 1979 were: ^//-isomers of DDD (1540-20 220 ng/gtobacco), 
DDT (720-13 390 ng/g tobacco) and DDE (58-730 ng/tobacco). Since 1970, the concen¬ 
trations of individual organochlorinated pesticides in tobacco have gradually decreased by 
over 98%. The transfer rates from tobacco into mainstream smoke were 22% for DDD, 
19% for DDT and 27% for DDE, In 1995, the concentrations of organochlorinated pesti¬ 
cides in tobacco from the USA were below the maximum permissible limits set by the US 
Environmental Protection Agency. Until 1970, the organochlorinated pesticides in 
tobacco and mainstream tobacco smoke contributed significantly to the bioaccumulation 
of these pesticides in smokers. Currently, tobacco and mainstream cigarette smoke are 
minor sources of human exposure to organochlorinated pesticides (Djonjjevic et a!., 

Dunng the smoking of cigarettes with charcoal filters, toxin-coated charcoal granules 
and other components of the filter are released in the mainstream smoke and inhaled or 
ingested by the smoker. An average of 3.3 charcoal granules per cigarette were observed 
on the filter tips of 80% of the 400 cigarettes examined. An increased health risk may 
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result from the inhalation of tar-coated particles (cellulose acetate fibres, paper and 
tobacco fibres, glass fibres and charcoal granules) released from the filter (Pauly et al, 
1995, 1997,1998). 

The free radical and hydrophobicity-related toxicity of 203 of the 253 different 
substituted phenols present in cigarette smoke was considered. Of these, 162 that have 
electron-releasing groups may form potentially toxic phenoxyl-free radicals. In contrast, 
41 substituted phenols with electron-withdrawing groups do not form phenoxyl-free 
radicals, but exert their toxic action primarily through lipophilicity. According to quanti¬ 
tative studies of the structure-activity relationship and evaluations of in-vitro cytotoxi¬ 
city, the most toxic phenols in mainstream smoke included in descending order of toxi¬ 
city: 2-(dimethylamino)-phenoi, 2-ethyl-6-methy 1-1,4-benzenedio1, 2-methoxy-l,4- 
benzenediol and 4-ethyl-2-methoxy-6-methylphenol (Smith et al, 2002). 

1.2.3 Roti-your-own cigarettes 

In a study by Darrall and Figgins {1998), 57% of cigarettes rolled by smokers for their 
own consumption produced higher levels of tar than the 15 mg/cigarette that was the 
maximum allowed for manufactured cigarettes in the United Kingdom until 1998. 
Seventy-seven per cent of smokers of roll-your-own (RYO) cigarettes made cigarettes 
with smoke nicotine yields greater than 1.1 mg/cigarette. Dutch consumers make RYO 
cigarettes that deliver, on average, 13,2 mg tar and 1.2 mg nicotine per cigarette 
(Dymond, 1996). These findings are comparable with the smoke yields for 31 brands of 
RYO tobaccos tested in Canada (15.5 mg tar and 1.1 mg nicotine per cigarette; Kaiserman 
& Rickert, 1992b). In another study, the same authors (1992a) reported even higher levels 
of tar and nicotine (19,4 mg and 1.6 mg per cigarette, respectively). Similar smoke yields 
were reported by Rickert el al (1985) for fine-cut tobacco (21 mg tar and 1.3 mg nicotine 
per cigarette). Five of six brands handmade from fine-cut .tobacco delivered significantly 
more tar, nicotine and CO both per cigarette and per litre of smoke than did the identically 
named manufactured brand. According to Kaiserman and Rickert (1992b), in addition to 
tobacco, it is the combination of the tube and filter that determines the delivery of toxic 
constituents to smokers. The mainstream smoke of three brands of hand-rolled cigarettes 
from Thailand was reported to yield 28,5-40.8 mg car and 1.1-5.5 mg nicotine per 
cigarette (Mitacek eta!., 1991). 

The amount of benzo[a]pyrene in RYO cigarettes was reported to be 22.9-25.93 ng/ 
cigarette in the particulate matter of the mainstream smoke of Canadian cigarettes 
(Kaiserman & Rickert, 1992a) and 48 ng/g tobacco for RYO cigarettes in the USA (Appel 
etal. , 1990). Benzene and associated volatile components (toluene, ethylbenzene, xylene, 
styrene, isoprenc and acrylonitrile) were measured in the vapour phase of the mainstream 
smoke of commercial and RYO cigarettes in the United Kingdom. The mean quantities of 
the above-mentioned compounds in the mainstream smoke of RYO cigarettes that had 
been made using 0.5 g of tobacco per cigarette were of the same order of magnitude or 
up to 2.6 limes higher than the mean values reported for 26 commercial brands of 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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cigarette sold in the United Kingdom (Darrall et ai, 1998). Based on a representative 
sample of 111) cigarette brands available on the United Kingdom market in 1999, the 
average weight of tobacco in a single cigarette was reported to be 0.76 g (Laboratory of 
the Government Chemist, 2001). The highest concentrations ofbenzene(an average of 68 
pcg/g tobacco) in the mainstream smoke of RYO cigarettes were reported by Appel et al, 
(1990). Appel et al. (1990) also tried to measure the lead content in the mainstream smoke 
of RYO cigarettes, blit the concentrations were below the limit of reliable quantitation. No 
data are presently available on the levels of other carcinogens in the smoke of RYO 
cigarettes or on smoking topography and the true deliveries of smoke constituents as the 
result of specific smoking behaviours. 

1.2.4 De-nicotmized cigarettes 

Tobacco-based de-nicotinized cigarettes have been used in smoking research to distin¬ 
guish the effects of smoking related to the deliver)' of nicotine or other components of 
tobacco smoke, from those related to the sensory process of smoking (Robinson et al., 
1992,2000). For research purposes, four types of cigarettes were developed with FTC 
mainstream smoke yields ranging from 10 to 173 mg tar and from 0.07 mg to 1.0 mg 
nicotine per cigarette (Pickworth et al ., 1999). The commercial de-nicotinized brand that 
was briefly test-marketed in the 1990s had similar mainstream smoke nicotine and tar 
yields as measured by the FTC criteria (0.04 and 10.2 mg, respectively) and detectable 
quantities of nicotine in tobacco (0.4 mg/g). However, despite being de-nicotinized, the 
commercial brand still contained amounts of preformed carcinogenic NNK in the tobacco 
comparable to five other commercial cigarettes (650 ng/g versus 500-890 ng/g tobacco; 
Djordjevic et al,, 1990). This observation is very significant because it indicates that 
manipulation of tobacco composition, such as removing a single compound or group of 
compounds from tobacco, would not necessarily result in a reduction in the overall toxi¬ 
city of the product. 

1.2.5 Cigars 

Concentrations of benzene, benzo[a]pyrene and lead were measured in the main¬ 
stream smoke of six brands of cigar following the Tobacco Research Council (TRC) 
recommended machine-smoking parameters (puff duration, 2 sec; puff volume, 35 mL; 
butt length, 2 5 mm), with the puff frequency altered to two per minute. The mean yields 
per gram of tobacco burned were 156 gg (range, 92-246 pg) for benzene and 42 ng 
(range, 35-49 ng) for benzofyrjpyrene. The quantities of lead were below the limit of 
reliable quantification (0.2 pg/cigar) (Appel etai, 1990). 

In 1997 in the USA, the leading brands of little, large and premium cigars (ranging in 
length from 7.3 to 17.6 cm and in weight from 1.24 to 8.1 g) were analysed and the levels 
of nicotine and selected carcinogens (e.g. benzo[n]pyrene, NNN and NNK) measured in 
the mainstream smoke (Table 1.17; Djordjevic et al., 1997). The results were obtained by 
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Table 1.17. Smoke yields of leading cigarette brands and little, 
large and premium cigars in the USA 



Medium-yield 
cigarettes 
(0.9-1.2 rag 

FTC nicotine)'' 1 ’ 

Cigars'- 11 



Little' 

Large 

Premium 

Nicotine (mg/unit) 

1.11 

1.5 

1.4 

3.4 

Tar (mg/unit) 

15.4 

24 

37 

44 

Carbon monoxide (mg/unit) 

14.6 

38 

98 

133 

Benzo[a]pyrene (ng/uilit) 

14.0 

26.2 

96 

97.4 

NNK (ng/unit) 

146.2 

290 

805 

2490 


* From Djordjevic a al. (2000a) 

fc The cigarettes were smoked under FTC conditions: 1 puff min. 35-mL volume. 

2-sec puff duration, butt length; length of Filer overwrap plus 3 mm (Pillsbury 
et ai, 1969). 

1 From Djordjevic et at, (1997) 

d The cigars were smoked under the 1CCSS (International Committee for Cigar 
Smoke Study, 1974) conditions: 1 puff/40 sec, 20-mL volume, 1.5-sec puff dura¬ 
tion, butt length 33 mm. 
r Little cigars had filter tips 

FTC, Federal Trade Commission; NNK, 4-(N-nitrosomethylamino)-l-(3-pyndyl)- 
1-butanone 

machine-smoking the cigars under standard smoking conditions as defined by the Inter¬ 
national Cummittee for Cigar Smoke Study (ICCSS 1974; i.e. 20-mL puffs of 1.5 sec 
duration drawn once every 40 sec to the predetermined butt length of 33 mm). The deli¬ 
vered dosages of nicotine, tar and CO were higher in premium cigars than in cigarettes. 
The levels of nicotine, benzo[n]pyrene and NNK were higher by three, seven and 17 
times, respectively, in the mainstream smoke of premium cigars. The NNN levels were 
reported to be 22.4 times higher in cigar smoke (Rickert & Kaiserman, 1999). Another 
study compared mainstream smoke yields of tar. nicotine, CO and PAHsfrom 30 cigarette 
brands with those of 10 small cigar brands, using the ISO/FTC machine-smoking para¬ 
meters. It was expected that the mainstream smoke yields of those cigars that were 
heavier than cigarettes would be significantly higher than the yields from cigarettes. 
However the yields from cigarcttc-size cigars (length, 74-99 mm; weight, 0.65-1.14 g) 
are also well above the corresponding cigarette yields: mean tar yield, 10.6 mg/cigarette 
versus 29 mg/cigar and mean ben 2 o[n]pyrene yield, 11 ng/cigarette versus 21 ng/cigar. 
This is undoubtedly because cigars do not have the physical characteristics that are used 
to modify yields in cigarettes, such as filter retention, ventilation and paper porusity. It is 
evident, therefore, that yields of cigars are approximately proportional to the weight of 
tobacco burnt (Laboratory of the Government Chemist, 2002). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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When little filter-tipped cigars were machine-smoked in a way that stimulated the 
puffing characteristics of smokers (larger puff volume, more frequent puffs), the 
emissions of total TSNA were twice as high (Djordjevic et al., 1997) as those determined 
using the standard ICCSS method. A similar 2.2-fold difference in the level of all smoke 
constituents due to more ‘intense smoking’ was reported by Rickert and Kaiseiman 
(1999). ' 

Under standard ISO conditions, the yields of certain mainstream smoke constituents 
generated from three brands of cigarette and one brand of cigar were substantially diffe¬ 
rent (ammonia, 12.7 versus 327 gg/unit; nitric oxide, 48 pg versus 1.08 mg/unit; NNN, 

41.5 versus 931 ng/unit) (Rickert & 1999). 

To control for variations in the total volumes of smoke delivered from cigarettes and 
cigars, standardized comparisons in milligrams of toxic substance per litre of smoke were 
made by Rickert el al. (1985). The mean deliveries of tar, nicotine and CO per litre of 
smoke were highest fur small cigars, followed by hand-rolled and manufactured ciga¬ 
rettes. Large cigars had the lowest deliveries. 

Henningfield el al. (1999) analysed 17 brands of cigar ranging in weight from 0.53 to 

21.5 g. There was considerable variation in the total nicotine content of the tobacco, which 
ranged from 5.9 to 335.2 mg per cigar, as well as in the aqueous pH of the tobacco from 

1 the cigars (range, S.7-7.8). The smoke pH values of the smallest cigars were generally 

acidic, changed little across the puffs and more closely resembled the profiles previously 
reported fortypical cigarettes. The smoke pH of smaller cigars and cigarillos only became 
acidic after the first third of the rod had been smoked and remained acidic thereafter. The 
j smoke pH of larger cigars was acidic during the smoking of the first third of the rod and 

became quite alkaline during the smoking of the last third. This phenomenon needs to be 
taken into consideration when the bio-availability and addictive potential of cigars is 
being evaluated. 

Using the FTC smoking conditions, but with the puff frequency altered to two per 
minute, the average benzene and benzo[o]pyrene levels in the mainstream smoke of six 
brands of cigar sold on the US market reported by Appel el al. (1990) were 156 pg/g 
tobacco and 42 ng/g, respectively. 

When tested in a similar manner, Thai cigars delivered 7.95—11.4 mg nicotine per 
cigar, 91-201 mg tar and 111-819 mg CO in mainstream smoke (Mitacek et al, 1991). 
The tobacco from an Indian cigar brand contained 25 000 ng preformed NNN and 8900 ng 
NNK per g tobacco (Nair et al., 1989). 

It has been suggested that switching from smoking cigarettes to cigars, or smoking 
both products intermittently, may increase the exposure of smokers to toxic and carcino¬ 
genic compounds. In contrast with ‘only cigar smokers’ who relatively seldom inhale 
smoke into the lung, former cigarette smokers and concurrent cigar and cigarette smokers 
have a tendency to maintain their cigarette smoke inhalation pattern when they smoke 
cigars (Fant Si Henningfield, 1998). 


r 


1.2.6 Pipe tobacco 

Five brands of pipe tobacco were evaluated by machine-smoking in a pre-conditioned 
wooden pipe (howl dimensions: 20 mm internal diameter, depth at centre 39 mm, stem 
length 60 mm from centre of bowl). The pipe required 3-4 g of tobacco for filling as 
follows: the pipe was filled loosely with tobacco to the top of the bowl, the tobacco was 
compressed by half, the bowl refilled and the tobacco compressed to fill about three- 
quarters of the bowl. The amount of tobacco consumed was approximated from the diffe¬ 
rence in weight of the pipe plus tobacco before and after smoking (Appel et al, 1990), 
The mean yield of benzene in mainstream smoke Irom smoking the pipe was 344 jag/'g 
tobacco (range, 253^173 pg/g tobacco). (The FTC machine-smoking guidelines for puff 
duration and puff volume were applied, but puff frequency was increased to 12/min to 
keep the tobacco burning.) 

1.2.7 Other pmducts 

Bidis : American versions of bidis were shown to have a lower percentage of tobacco 
by weight than US and Indian untipped commercial cigarettes (42.4% versus 94%, 
respectively) (Malson et al., 2001). 

The concentration of nicotine in the tobacco of bid! cigarettes (21.2 mg/g) is greater 
than that in the tobacco from commercial filter-tipped (mean: 16 mg/g; Malson et al, 
2001; mean: 17.6 mg/g; Djordjevic et al„ 1990; mean: 10.2 mg/g; Kozlowskietu/., 1998) 
and untipped American and Indian commercial brands of cigarette (13.5 mg/g; Malson 
et al., 2001). 

The levels of preformed NNN and NNK in bidi tobacco range from 6200 to 
12 000 ng/g and from 400 to 1400 ng/g tobacco, respectively (Nair et a!., 1989). When 
the concentrations of flavour-related compounds — nine alkenyibenzenes, coumarin, 
ptpcronal and pulegone —in Indian bidi cigarette tobacco sold in the USA were 
. measured, two alkenylbenzene compounds, iraw-anethole and eugenol, were found in 
more than 90% of the 23 brands analysed. Methyleugenol, pulegone and estragole were 
each detected in 30% or more of the brands, whereas safrolc and elcmicin were not 
detected in any of the brands. The flavour-related compounds with the highest concen¬ 
trations in tobacco were eugenol (12 000 pg/g tobacco) and /raw-anethole (2200 pg/g 
tobacco) — that is about 70 000 and 7500 times more, respectively, than the highest levels 
previously found in US cigarette brands (Stanfill et al., 2003). 

Ten volunteers smoked longer and took more puffs to consume bidis (354-452 sec, 
14 puffs) than to smoke their usual cigarette brand (297 sec, 10 puffs) (Malson et al, 
2002). In smokers who switched to Irie bidi (strawberry-flavoured) cigarettes, plasma 
nicotine levels increased above the levels recorded when they smoked regular filter¬ 
tipped cigarettes (26 ng/mL versus 18.5 ng/mL) (Malson etai, 2002). 

The amount of nicotine in Indian bidi tobacco was higher than that in Indian filter¬ 
tipped cigarettes (38 mg/g versus 14 mg/g). The mainstream smoke uT Indian bidis deli¬ 
vered less nicotine than Indian cigarettes (1.86 mg versus 2.58 mg/cigarette). The NNN 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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levels in the mainstream smoke of bidis ranged from 11.6 ng to 250 ng per cigarette and 
the NNK levels from not detected to 40 ng per cigarette. These concentrations were com¬ 
parable with those measured in the mainstream smoke of Indian cigarettes (Pakhale & 
Maru, 1998). 

In conclusion, because of their higher content of nicotine than in cigarette tobacco, 
and their similar or higher nicotine and TSNA deliveries in the mainstream smoke, bidis 
cannot be considered less harmful to health than regular cigarettes. 

Kreteks : Eugenol, a natural compound found in high concentrations in clove buds, is 
the active ingredient that distinguishes kreteks from conventional cigarettes (Guidotti, 
1989). In addition to eugenol, other constituents of clove and clove cigarette smoke 
include eugenol acetate, |kaiyophyllene and ct-humulene (LaVoie et al., 1986). 

Chuttas: The nicotine content of chutta tobacco is comparable with that of bidi 
tobacco — 35 mg/g versus 38 mg/g. However, the nicotine level in mainstream smoke 
from chutta is higher (7 mg/product) than that from bidis (1.9 mg/product) (Pakhale & 
Maru, 1998). The quantities of NNN and NNK in chutta tobacco were reported to be 
extremely high (from 21 100 ng to 296 000 ng and from 12 600 ng to 210 000 ng/g, res¬ 
pectively). The reverse smoker inhales both the mainstream and sidestream smoke. The 
NNN and NNK levels in the mainstream smoke of chutta ranged from 289 ng to 1260 ng 
per chutta and from 150 ng to 2651 ng per chutta, respectively (Nair etai, 1989): 

1.2,8 Novel potentially reduced-exposure products 

There are currently two categories of potentially reduced-exposure smoking tobacco 
products that are being test-marketed worldwide: 

• cigarettes made with modified tobacco containing reduced levels of carcinogens 
such as tobacco-specific nitrosamines (particularly NNK), or using technologies 
that reduce PAHs (particularly benzo[o]pyrene) and genetically modified tobacco 
containing no nicotine; and 

♦ cigarette-like nicotine delivery devices (e.g. Eclipse™ and Accord™) engineered 
to reduce exposure to tobacco toxins using advanced technologies (Fisher, 2001; 
Stratton et al., 2001; Womack, 2002). 

The cigarette test-marketed as a reduced-nitrosamire product is, according to the FTC 
ranking, a low-yield American blend cigarette, The chemical composition of the main¬ 
stream smoke as assessed by both the FTC and Massachusetts machine-smoking methods 
docs not differ greatly from that of a normal cigarette except that there is a significant 
reduction in the amount of NNN and NNK in the smoke (Stratton et al., 2001). 

No epidemiological data are available for these products and they are therefore not 
considered further in this monograph. 


1.3 Use of tobacco 

The forms of tobacco use are as diverse as the cultures and countries in which it is 
used and the people who use it. It is therefore difficult to compare different populations, 
as behaviours vary greatly. Although differences in smoking behaviour between one 
person and another within countries abound, there is some uniformity within national 
practices, e.g. almost all Japanese smokers use cigarettes. Figures for total consumption 
provide only a rough, albeit useful, measure of global dose and trends need to be observed 
over a reasonable period of time before acceptance of their significance (Table 1.18). 

With regard to dose, using cigarettes as an example, the indices bearing on it are: 

— numbers of cigarettes smoked; 

— amount of carcinogen delivered per cigarette (discussed in detail in Section 1.2); 

— duration of the behaviour and inhalation practice. 

The components of dose are different and less measurable for other practices such as 
tobacco chewing and pipe smoking. 

At present, exposure to tobacco components in most countries is almost entirely 
through smoke. The products used are mainly cigarettes, although pipes and cigars 
accounted for proportionally more of the exposure in earlier population cohorts. Several 
measures bear on the ways in which some populations are exposed to tobacco. These 
include estimates of national tobacco consumption and surveys of smoking behaviours 
(which are not always available in developing countries). This section mainly describes 
global patterns in adult cigarette smoking. Per-capita cigarette consumption appears to 
have risen in developing countries from 1970 to 2000 (Figure 1,1). The effects of tobacco 
on health are directly related to the dose consumed and the duration of use. In this context 
the trends in production and consumption might be expected to give an approximate indi¬ 
cation of the trends in risk likely to be seen in the future. 

Information on trends in per-capita consumption for most countries is collected by the 
World Health Organization and, in a general way, reflects actual consumption patterns, 
with the caveat that they are subject to many of the same economic factors that affect pro¬ 
duction estimates. The available world dala on total cigarette consumption are shown in 
Table 118 (Mackay & Eriksen, 2002). 

Selected comparative data from Australia, China, Japan, the United Kingdom and the 
USA (Corrao et al., 2000) offer a picture of the trend in cigarette consumption in those 
countries (Figure 1.2). The data from Australia show a persistent decline since 1980, those 


Table 1.18. Global consumption of cigarettes (in thousand millions) 


Year 

1950 

1960 

1070 

1980 

1990 

2000 

Cigarettes consumed 

1686 

2150 

3112 

4388 

5419 

5500 


From Mackay & Eriksen (2002) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



96 


TOBACCO SMOKE 


97 


0) 

o 

o 

<J) 

to 

<D 

to 

o 

to 

CD 



} 




r 


IARC MONOGRAPHS VOLUME 83 


Figure U. Trends in per-capita cigarette consumption by level of development of 
countries' 



Developed 
-o- Developing 
-•-Transitional 
-eWorld 


Year 


From Guindon & Boisclair (2003) 

UStralia, Canada, Japan, New Zealand, USA and western Europe are considered ‘developed countries’, 
ountncs in transition fiiom centrally planned to marked economics are labelled ‘transitional’. All other 
countries fall into the 'developing category'. 


I: 


Figure 1.2, Trends in per-capita cigarette consumption in selected countries 
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from Japan show a less steep decline also since 1980 and in China, there has been a subs¬ 
tantial increase up to the 1990s from a low base in the 1970s. 

(a) Surveys of smoking behaviour 

The only means by which it can be ascertained who is smoking, what is smoked, how 
much, for how long and (sometimes) in what way is through surveys. Regular surveys 
provide useful public health information, as they may identify populations at risk and 
some of the reasons they are at risk. Reliable random-sample surveys (using both tele¬ 
phone and in-person interviews) are carried out routinely in most developed countries 
and, if similar definitions are used, allow useful international comparisons. Tabic 1.19 
shows smoking prevalence rates among adults in the WHO Regions. Since the methods 
used to collect information vary across these studies, small differences should be 
interpreted with caution. Nonetheless, smoking rates vary widely across regions. There is 
about a ].5-fold difference in total smoking rates between the African or Eastern Medi¬ 
terranean Regions and the Western Pacific Region. Similarly, smoking rates for women 
in the Western Pacific Region (5.8%) are much lower than in the European Region 
(23.4%). A nearly twofold difference in smoking rates is seen in men across the WHO 
Regions, with the lowest levels in the Eastern Mediterranean Region (34.2%) and the 


Table 1.19. Prevalence of tobacco use and number of smokers by WHO 
Region and level of development in 2009 


Prevalence (% of the No. of tobacco users (> 15 years) 

population > 15 years of age) (millions) 



Men 

Women 

Total 

Men 

Women 

Total 

WHO Region 

African Region 

29.4 

7.4 

18.4 

51.967 

13.420 

65.387 

Region of the Americas 

32,0 

20.9 

26.3 

94.035 

64.072 

158.107 

Eastern Mediterranean 

35.3 

6.1 

21.0 

52343 

8.670 

61213 

Region 

European Region 

44.9 

18.7 

31.2 

150.628 

68.545 

219.173 

South-East Asian Region 

48.1 

5.3 

27.3 

251.699 

26.484 

278.183 

Western Pacific Region 

612 

5.7 

33.8 

390.632 

35.784 

426.416 

Levels of development 

Developed 

33.9 

21.2 

21A 

114.783 

75,891 

190.674 

Developing 

49.8 

7.2 

28.9 

809.725 

114.718 

924,443 

Transitional 

54.1 

13.9 

32.7 

82.837 

24.153 

106.990 

World 

57.4 

10.3 

28.9 

1005.927 

217.755 

1223.682 


From Guindon & Boisclair (2003) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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highest in the Western Pacific Region (62.3%). Based on these weighted prevalence 
estimates, there are estimated to be over 1.2 billion smokers across the six WHO Regions. 

Table 1.20 illustrates the variation in smoking prevalence rates by country (Corrao 
et a!., 2000). Even with the limitations in these data, some striking differences are evident. 
Women in China, Egypt, India, Republic of Korea, Singapore, Thailand and the United 
Arab Emirates smoke infrequently, whereas up to one-third of women smoke in other 
countries, such as Brazil, Denmark, Germany, Kenya, Norway and the United Kingdom. 


Table 1.20. Smoking prevalence rates for men and women in 
selected countries” 


Country 

Year 

Age group 
(years) 

Men 

(%) 

Women 

(%) 

Argentina 

1999 

16-64 

46.8 

34 

Australia 

1995 

>16 

27.1 

23.2 

Brazil 

1995 

>15 

38.2 

29.3 

Canada 

1999 

>15 

27 

23 

China 

1996 

15-69 

63 

3.8 

Denmark 

1998 

>14 

32 

30 

Egypt 

1997 

>t8 

43.6 

4.8 

Finland 

1999 

15-64 

' 27 

20 

France 

1997 

>18 

39 

27 

Germany 

1997 

18-59 

43.2 

30 

Hungary 

1998-99 

>18 

44 

27 

India 

1985-86 

25-64 

45 

7 

Israel 

1999 

>18 

33 

25 

Italy 

1998 

> 14 

32.2 

17.3 

Japan 

1998 

>15 

52.8 

13.4 

Kenya 

1995 

>20 

66.8 

31.9 

Mexico 

1998 

18-65 

51.2 

18.4 

Norway 

1998 

16-74 

33.7 

32.3 

Peru 

1998 

12-50 

41.5 

15.7 

Poland 

1998 

- 

39 

19 

Republic of Korea 

1996 

>18 

64.3 

5.5 

Russian Federation 

1996 

5 18 

63 

14 

Singapore 

1998 

18-64 

26.9 

3.t 

South Africa 

1998 

S 15 

42 

11 

Spain 

1997 

>16 

42.1 

24.7 

Sweden 

1998 

16-84 

17.1 

22.3 

Thailand 

1999 

>11 

38.9 

2.4 

United Arab Emirates 

1995 

>15 

24 

1 

United Kingdom 

1996 

>16 

29 

28 

USA 

1997 

>18 

27.6 

22.1 
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The highest prevalences of male smokers are found in Japan, Kenya, Republic of Korea 
and Russia. In general, more men tend to smoke than women, except in Sweden. The 
differences between the numbers of men and women smokers are also near zero in other 
countries such as Denmark, Norway and the United Kingdom. 

The data in Tables 119 and 1.20 represent only a snapshot of current smoking at one 
point in time. A more comprehensive set of behavioural endpoints (e.g. time trends in 
current and former smoking rates) is needed to give a robust explanation of the causes of 
. present and future morbidity and mortality attributable to smoking. As an example. Figure 
t 1.3 illustrates current and former smoking rates since 1950 in the United Kingdom (Peto 

’ et d., 2000). Between 1948 and 1952, Ihe prevalence of smoking in men aged 25-34 

years was 80% and for women of the same age, 53%. In 1998, however, the prevalence 
j was 39% for men and 33% for women. 

j The prevalence of smoking in adolescents, although of considerable public health 

importance as an indication of future cancer trends and patterns, is extremely difficult to 
| measure accurately and, consequently, to compare with other countries. It is usual for 
smoking habits to become established during adolescence, and smoking rates of young 
j people in their late teens may approximate those of adults. 

r 

! Figure 1.3. Trends in prevalence of smoking at ages 35-59 (left) and 

260 (right) in men and women in the United Kingdom, 1950-98 

j _ 


Ag« 35-59 Age > 50 



0 

m 1960 1970 I960 19» 2000 1950 1960 1970 1W0 1990 

Year 


From Peto et a!. (2000) 


From Corrao el at. (2000) 

“These data are not age-adjusted or weighted. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(6) Other indices of dose in developing countries and future 
surveillance needs 

Although the relationship between tobacco smoke and lung cancer in developed 
countries may be the most researched subject in epidemiological history, there remains a 
paucity of precise information concerning smoking behaviours ill developing countries. 

It is already clear that there is a worldwide trend towards the sale of machine-made 
cigarettes. On one hand, the manufacture of bidis and the various other home-grown, 
home-made products cannot be quantified readily because it is based on village culti¬ 
vation or small industry. These products are generally cheap, vary widely in size and com¬ 
position from district to district, and may or may not be subject to taxation. Conversely, ' 
cigarettes are mass produced or imported, easy to count and are almost invariably taxed 
before sale. For this reason, increases in sales can be measured, and taxation figures can 
be used to monitor sales trends. What cannot be seen is the effect of the market expansion 
of manufactured cigarettes on the use of other tobacco products. In addition, cigarette 
smuggling is a significant problem in several regions, e.g. southern Europe, North 
America and South America {Pagano et al, 1996; Galbraith & Kaiserman, 1997; Square, ; 

1998; Yurekli & Zhang, 2000; Shafey c/a/., 2002) and a high rate of smuggling will make j 

taxation figures inaccurate. Almost a third of global cigarette exports are estimated to go 
to the contraband market (Joossens & Raw, 1998). i 

In some areas (e.g. South-east Asia and India), it is not dear how far the behaviour of 
cigarette smoking is becoming a substitute for bidi smoking or for chewing, or whether 1 

cigarette smoking is becoming an additional behaviour. Mixed tobacco habits are also j 

common. There is no way of estimating precisely the lifetime exposure to smoking pro- j 

ducts such as bidis or chuttas. 

The detailed patterns and trends in national smoking behaviours can be identified only 
by regular measures of smoking rates operating within surveillance systems. There are 
considerable limitations to the current measures of prevalence. Data are expensive to 
coiled and are incomplete or non-existent in many regions. In many cases, prevalence 
rates are underestimated because of the limitations in surveillance systems (e.g. fewer 
members of the lower income groups who tend to smoke more have telephones). Data on 
smoking by young people are incomplete and inaccurate for most countries. To address 
these issues, information is needed on initiation, prevalence and cessation. Routine 
surveillance data are needed to track smoking behaviours over time. In the future, much 
better methods for systematic reporting of smoking rates need to be applied worldwide. 

1.4 Regulations 

This section reviews the scope and potential impacts of tobacco control regulations. 
Because the focus of this monograph is on the risks of tobacco smoking, the preventive 
implications of regulation are covered only briefly with references to the literature for key 
studies and reviews of regulatory effects and effectiveness. Increasing the cost of ciga- 
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rettes through taxation and restrictions on smoking in the workplace are two public policy 
changes for which substantial bodies of information exist to define their effectiveness 
(Bums, 2000). 

In recent years, researchers have increasingly recognized the role of regulation in 
influencing the use of tobacco. Policy or regulatory measures alter or control the legal, 
social, economic and physical environment (Brownson et a!., 1995). Policies arc 'those 
laws, regulations, formal, and informal rules and understandings that are adopted on a 
collective basis to guide individual and collective behaviour’ (Schmid et al, 1995). 
Smokers frequently respond to environmental cues, such as a work break or entering a 
restaurant, when deciding whether or not to smoke. Regulatory interventions are based on 
the knowledge that individuals are strongly influenced by the sociopolitical and cultural 
environment in which they act (US Department of Health and Human Services, 2000). 

Roemer (1988) clearly listed a set of purposes for tobacco regulation: 

- to set forth governmental policy on the production, promotion and use of tobacco, 
and to protect the right of nonsmokers to breathe clean air; 

- to reduce to some extent the harmful substances in cigarettes; 

- to contribute to the development of a social dimate in which smoking is 
unacceptable; 

- to provide the basis of allocating resources to support effective programmes to 
combat smoking; and 

- to encourage smokers to stop smoking and to dissuade potential smokers, parti¬ 
cularly young persons, from starting to smoke, 

The place of legislation in tobacco control was very clearly defined by a World Health 
Organization Expert Committee in 1983. It stated: 'It may be tempting to try to introduce 
smoking control programmes without a legislative component, in the hope that relatively 
inoffensive activity of this nature will placate those concerned with public health, while 
generating no real opposition from cigarette manufacturers. This approach, however, is 
not likely to succeed. A genuine broadly defined education programme, aimed at reducing 
smoking must be complemented by legislation and restrictive measures’ (WHO, 1983). 

In 2003, the 192 Member States of the World Health Organization unanimously 
adopted the Global Framework Convention on Tobacco Control (FCTC, 2003), the 
world’s first international tobacco control treaty [added in print after the meeting]. The 
FCTC was prepared over four years by participants from a wide range of sectors and 
included representatives of WHO Member States representing 95% of the world’s popu¬ 
lation. The FCTC is intended to provide a comprehensive regulatory structure, which 
when ratified and enacted as proposed, will lay the legal foundations for the regulation of 
tobacco and tobacco smoking in a range of situations (e.g. protecting children from 
tobacco use and exposure, promoting smoke-free environments and promoting healthy 
tobacco-free lifestyles). 

As one example from a developed country, Figure 1.4 shows the correlation between 
per capita consumption of cigarettes in the USA and historical events since 1900. These 
events, such as the first US Surgeon General’s report, the ban on tobacco advertising in 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Figure 1.4. Annual adult per-capita consumption of cigarettes and major smo¬ 
king and health events, USA, 1900-1998 


r 



From US Department of Agriculture; US Department of Health and Human Services (1986) 
WWII, Second World War 


the broadcast media and increases in the federal cigarette tax were followed by a decrease 
in tobacco consumption. Similar tracking of regulatory events, such as restrictions on 
tobacco advertising, may be used by any country' wishing to monitor changes in tobacco 
consumption. 

Although most of the regulatory interventions discussed below locus on the passage 
of a law nr ordinance, many others can be implemented through an executive order or 
regulatory action. An example of an executive order is a ban on tobacco advertising on all 
city-owned buses. An example of a regulatory action is the adoption of an accrediting 
standard prohibiting smoking in hospital buildings (Longo et al., 1995). 

Regulations regarding clean indoor air are described in detail in the monograph on 
involuntary smoking (Section 1.3). There has been a dramatic increase in the fraction of 
the woiking population protected by total bans on smoking in the workplace, which 
increased from 3% in 1986 to 64% in 1996. The implementation of these restrictions has 
had two effects on smokers: they have increased the rate at which smokers attempt to quit, 
and have reduced the number of cigarettes smoked per day (Bums et al., 2000). To esti¬ 
mate the impact of smoking bans on cigarette use, Chapman et al. (1999) estimated the 
contributions of smoke-free workplaces to the recent declines in cigarette consumption 
noted in Australia and the USA. In Australia, smoke-free workplaces are considered to be 


responsible for 22.3% of the 2.7 thousand million decrease in the number of cigarettes 
smoked between 1988 and 1995. Similarly in the USA, it was estimated that workplace 
bans are responsible for 12.7% of the 76.5 thousand million decrease in the number of 
cigarettes smoked between 1988 and 1994. 

(a) Price/excise taxes 

A substantial increase in tobacco excise taxes may be the single most effective 
measure at the national, state and local level for decreasing tobacco consumption 
(Sweanor et al ., 1992; Jha & Chaloupka, 2000). Youths and young adults may be more 
sensitive lo increases in tobacco price than adults (Chaloupka & Warner, 2000). Excise 
taxes on tobacco products vary- widely between the developed countries and in many 
cases the increases in taxes have been much smaller than the price increases imposed by 
cigarette manufacturers. The ‘earmarking’ (allocation of a portion) of tobacco price 
increases for prevention efforts has proved to be an effective strategy in California, USA 
(Elder etal., 1996; Fichtenberg & Glantz, 2000), Victoria, Australia (Chapman & 
Wakefield, 2001) and other places. 

Numerous studies have quantified the effects of increases in excise tax on smoking 
rates. A recent systematic review that looked at the median estimates from a number of 
studies found that a 10% increase in the price of tobacco products resulted in a 3.7% 
decrease in the number of adolescents and young adults who used tobacco and 4.1% 
decrease in the amount nf tobacco used by the general population (Hopkins et al, 2001). 

One of the main arguments raised against increases in tobacco tax involves the 
regressivity of such taxes — that is, a tax where the proportion of an individual’s income 
consumed by the tax is inversely related to income. Health advocates argue that the 
concern over regressivity is outweighed by the lives saved from unnecessary cancer and 
heart disease due to the reduced prevalence of smoking (Jacobs, 2001). Smoking and 
mortality rates from these diseases are disproportionately higher among individuals in 
lower income groups. Therefore, greater decreases in smoking-related disease and death 
rates in these groups would be expected to follow a tax increase. 

(b) Restricting tobacco advertising and promotion 

Cigarettes are possibly the most heavily advertised and promoted consumer product 
in the world (Mackay & Eriksen. 2002), In 2000, the six major US tobacco companies 
spent USS 9.57 thousand million on cigarette advertising and promotion in the USA — 
more than USS 26 million each day (Federal Trade Commission, 2002). The advertising 
and promotion of tobacco products leads to increased use of tobacco products, 
particularly by youths (Pierce etal., 1991). Advertising and promotion affect cigarette 
consumption by conveying to children and young adults that smoking has social benefits 
and that it is far more common than it really is; by creating altitudes and images that 
reinforce the desirability of smoking, and by suppressing full disclosure by the media of 
the health hazards of smoking. Numerous institutions involved in cultural events, 
minority causes and sports arc financed by contributions from the tobacco industry. This 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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situation undermines an institution’s ability to enact policies and practices to reduce 
tobacco use (Kaufman & Nichter, 2001). 

Numerous governments have enacted laws banning tobacco advertising by cinemas, 
posters, press, radio, television and at points of sale. Giving samples and sponsorship are 
also banned in some countries (European Union, 2000). Governmental entities have 
banned advertising on public transport, in sports stadiums or on property owned by local 
government. These actions are based upon the conclusion reached by many localities that 
national laws do not preempt them from restricting advertising on their own property or 
within their jurisdiction. 

Governments also can support legislative, regulatory and non-legislative policies to 
reduce tax deductions for tobacco advertising, to restrict tobacco promotions like the 
Marlboro Adventure Team incentives, to prohibit the exhibition of a cigarette brand name, 
to restrict product placement and ultimately to eliminate tobacco advertising. Recent evi¬ 
dence has also demonstrated that most of the current warning labels on cigarette packets 
are neither effective in transferring knowledge regarding the health hazards associated 
with tobacco use, nor likely to have a positive impact on the health behaviour of people 
using these products. The experiences in countries such as Canada and Poland where the h 
warning labels and package inserts are larger, more visible and simpler shotdd be exa¬ 
mined in detail to determine their effects on public health (Canada ASH; Health Promo¬ 
tion Foundation, 2002). Despite mixed findings on the effectiveness of these warning 
labels, they are viewed as a cost-effecive anti-smoking measure by their mere presence 
and are considered to be an important part of larger anti-smoking efforts (Guttman & 

Peleg, 2003). 

(c) Restricting the uptake of tobacco use by young people 

In most countries, adult smokers began their smoking behaviour as young teenagers 
(National Cancer Institute, 2001), In several developed countries, there lias been virtually 
no decline in smoking rates among all teenagers over the past decade. Because smoking 
begins at a young age, the most important potential actions for affecting the overall rates 
of tobacco use should emphasize prevention of tobacco use in youth. As yet, the effects 
of many of the regulatory actions intended to prevent smoking by young people have not 
been established by research studies. 

For example, in most parts of the world, there are laws prohibiting the sale of ciga¬ 
rettes to persons under 18 years of age. Many researchers and public health practitioners 
have concluded that the only way to limit minors’ access to cigarettes is to ban vending 
machines, raise tobacco prices and excise taxes and enforce laws governing the access of 
young people to tobacco. Yet the enforcement of comprehensive laws on the access of 
minors to tobacco has been the subject of considerable debate and the existing literature 
on the effectiveness of specific types of enforcement efforts is limited and inconsistent 
(Forster & Wolfson, 1998; Stead & Lancaster, 2000). 

Other approaches that may be used to protect young people from becoming smokers 
include educational programmes, which in some countries have been made compulsory 


TOBACCO SMOKE 105 

by law, and specif c prohibitions against smoking in places where young people congre¬ 
gate, such as schools and recreational facilities. 

(d) Regulation and litigation 

Litigation efforts include four main categories; individual cases, class actions, public 
interest lawsuits and health care cost recovery actions. Within the final category, several 
cases have been brought by several states of the USA to attempt to recover the costs of 
medical care attributable to cigarette smoking as product liability suits. In general, these 
actions are based on the fact that taxpayers pay for medical care for smoking-related 
illnesses through Medicaid and other stale-supported systems. The states had no choice as 
to whether the taxpayers should pay for damages caused by a dangerous product; there¬ 
fore, the suits claim a need for the recovery of costs on behalf of all state taxpayers. As 
data on state-specific costs became available, specific damages were calculated that per¬ 
mitted substantial cost recovery from the tobacco companies. As an example, state 
attorneys general in the USA agreed to a US$ 206 thousand million settlement with the 
tobacco industry in November 1998, the so-called ‘Master Settlement Agreement’ 
(National Association of Attorneys General, 1998). Results to date from this settlement 
have been less successful than anticipated because much of the funding from the Master 
Settlement that was originally intended for smoking prevention activities is being diverted 
to other governmental programmes. Of particular relevance to this monograph, is that one 
important outcome of the recent tobacco litigation has been the public release of nume¬ 
rous tobacco industry documents (CDC, 2002) (close to 40 million pages) showing what 
the industry' knew about the carcinogenic potential of tobacco and when they knew it. 

(e) Regulation of tobacco smoke constituents 

Worldwide, only minimal regulation applies to the constituents of cigarettes and 
tobacco smoke, as for example in Europe. The maximum tar yield of cigarettes marketed 
in the European Union was set at 15 mg/cigarette in 1992, 12 mg/cigarette in 1997 (Euro¬ 
pean Commission, 1999) and 10 mg/cigarette in 2001. In addition to tar, the new 
Directive lays down the maximum permitted nicotine and CO yields for cigarettes 
released for free circulation, marketed or manufactured in the Member States, i.e. 1 
mg/cigarette for nicotine and 10 mg/cigarette for CO. In 2003, it was prohibited to 
describe one product as less harmful than another (by using names, symbols). Moreover, 
manufacturers and importers are now required to submit to the Member States, on a 
yearly basis since 2002, a list of all ingredients used in the manufacture of tobacco 
products and their quantities, together with toxicological data on their effects on health 
and any addictive effects. This list must be accompanied by a statement setting out the 
reasons for the inclusion of the ingredients. It must also be made public and be submitted 
to the Commission (European Parliament, 2001). For example, currently over 600 
additives to tobacco products are permitted in the United Kingdom (Department of 
Health, 2000). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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In the future, it is likely that upper limits for carcinogens and toxins will be set for 
cigarette smoke as they have already been for car exhausts and other ambient pollutants. 
This is dependent on the acquisition of appropriate legal powers by regulatory agencies. 
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The available knowledge on the relationship between tobacco usage and a variety of 
human cancers is based primarily on epidemiological evidence. An immense amount of 
such evidence has been obtained, and, of necessity, only a small proportion can be referred 
to here. The cancers considered to be causally related to tobacco smoking in the previous 
IARC Monograph on tobacco smoking (IARC, 1986) included those of the lung, upper 
aerodigestive tract (oral cancer and cancer of the oropharynx, hypopharynx, larynx and 
oesophagus), urinary bladder and renal pelvis and pancreas. Since 1986, there have been 
numerous additional cohort and case-control studies on the relationship of cigarette 
smoking and other forms of tobacco use to these and other cancers in many different 
countries. The most comprehensive evidence, although often not the first or most detailed, 
has been obtained from several large cohort studies that are referred to repeatedly in this 
monograph with respect to different cancer sites and types of tobacco product. These 
cohort studies are described briefly below and in Table 2.1, listed by country. The 
case-control studies are described in the sections pertaining to particular cancer sites. 

Description of cohort studies 

(a) Europe 

(i) United Kingdom 

British Doctors’ Study 

In 1951, a questionnaire on smoking habits was sent to all British doctors included in 
the Medical Register; 34 440 men and 6194 women responded, representing 69% and 
60%, respectively, of those doctors not known to have died at the time of the inquiry. [The 
exact number of men and women included in the study varies between publications as a 
number of women were misclassified as men in early reports.] Further questionnaires 
about changes in smoking habits were sent in 1957, 1966,1972,1978 and 1990 to men 
and in 1961 and 1973 to women; on each occasion, at least 94% of those alive responded. 
Reports were published on cause-specific deaths after 10,20 and 40 years for men and 
after 10 and 22 years for women; more than 99% of the subjects had been traced. 
Information on causes of death was obtained principally from the Registrars General of 
the United Kingdom and, otherwise, from the records of the general Medical Council, the 
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Bristish Medical Association, relatives or friends. Because the subjects in the study were 
themselves physicians, they were a reasonably uniform socioeconomic group and the 
causes of death were certified more accurately than might have been the case among a 
sample of the general population. For the firs t 20 years .of the study, confirmation of all 
deaths attributed to lung cancer was obtained from a chest physician who was unaware of 
the patient’s smoking history (Doll k Hill, I964a,b; Doll & Peto, 1976; Doll etal 1980 
1994). ’ ’ 

Whitehall Study 

A total of 19 018 men aged 40-69 years from the British Civil Service were clinically 
examined between 1967 and 1969, and followed up for vital status until 1987 through the 
National Health Service Central Registry. Information on exposure was collected only at 
baseline. The study concentrated on residual risk after smoking cessation as well as 
comparing risk associated with different tobacco products (Ben-Shlomo et al., 1994). 

British United Provident Association (DUPA) Study 

Wald and Walt (1997) studied a cohort of 21 520 professional and businessmen with 
a National Health Service identification number who attended a routine health exami¬ 
nation between 1975 and 1982 at a British United Provident Association (BUPA) Medical i 

Centre in London. At this examination, a detailed smoking history was obtained, inclu- I 

ding self-reported level of inhalation (rated as nil, slight, moderate or deep). In addition, ! 

a blood sample was collected and carboxyhaemoglobin saturation and cholesterol levels 
were measured. Causes of death of cohort members were obtained from records of the j 

National Health Service and the Office of Population Censuses and Surveys records. The j 

risks of mortality from three causes (i.e. ischaemic heart disease, lung cancer and chronic ; 

obstructive lung disease) were computed using Cox’s proportional hazard analysis. i 

(ii) Sweden j 

Swedish Twin Registry Study i 

A cohort of 10 945 twin pairs of the same sex, identified using the Swedish Twin \ 

registry, was asked to complete a questionnaire in 1961, Zygosity was based on questions j 

of childhood similarity. Mortality in twins was followed up by record linkage with the 
central registry of causes of death through 1997. The information from death certificates, 
hospital records and other data was collected for the period up until 1981 and was 
reviewed without prior knowledge of smoking status; the underlying cause of death was 
determined according to the ICD 8th revision. For the period after 1981, the underlying 
cause of death as stated in the dealt: certificate was used (Floderus et al, 1988; Steineck 
etal., 1988; Gronberg et al, 1996; Terry etal., 1998, 1999,2001). 

Swedish Census Study 

A sample of the Swedish population drawn from the 1960 census was stratifi ed by sex, 
year of birth and residence (urban or rural). The objective was to determine the smoking 


habits of the Swedish population by means of postal questionnaires, telephone interviews 

home visits. A questionnaire was posted in 1963, and, of 55 074 eligible subjects, 89% 
ponded. Information was collected by telephone or personal interview for another 5.3%. 
A sub-sample of 20% was sent a second questionnaire in 1969, with the aim of validating 
the accuracy of the replies and collecting information about changes in smoking patterns. 
Mortality in the cohort was ascertained through death certificates. In addition, cancer inci¬ 
te was ascertained through the nationwide Swedish Cancer Registry, which recorded 
an estimated 95.5% of all cancers. The follow-up period extended from 1964 until 1989. 
Cancer outcomes were reported after 10 and 26 years for men and women combined 
(Cedcrlof er al, 1975; Nordlund et al, 1999) and after 16 years for men only (Carstensen 
et al< 1987) and after 26 years for women only (Nordlund et al ., 1997). Cox proportional 
hazards regression models were used to compute odds ratios stratified by age and place of 

residence. 

Swedish Construction Workers’ Study 

A cohort of male Swedish construction workers was identi tied in 1971, when workers 
filled out a questionnaire, the answers to which included a detailed smoking history. The 
cohort included about 135 000 men recruited between 1971 and 1975 or 350 000 men 
recruited between 1971 and 1992. Each cohort member contributed person-years of 
observation from the date of first registration visit until the date of diagnosis, death, 
migration or end of follow-up (Adami etal, 1996; Nyren et al, 1996; Adami et al, 1998; 
Chow et al, 2000). Data on cancer incidence were obtained through linkage with the 
population-based national cancer registry established in 1958. Each cohort member was 
identified by his national registration number, a unique personal identifier assigned to all 
residents in Sweden. 

(iii) Norway 

Norwegian Cohort Study 

Heuch etal (1983), Engelande/af (1996a,b) and Kjaerhcim etal. (1998) reported the 
cancer incidence of a cohort of 26 000 Norwegians who completed a self-administered 
questionnaire in 1964-1965. The target population was drawn from three sources: approxi¬ 
mately 19 000 persons were randomly drawn from lists of residents of Norway from the 
1960 population census, approximately 5200 were drawn from four selected counties, and 
approximately 13 000 were drawn from a cohort of Norwegians living in Norway who had 
siblings living in the USA. The final study population comprised 26 126 persons, 
contributing approximately 540 000 person-years far analysis (230 000 for men and 
310 000 for women). At the initial assessment, 17% of the men reported never having been 
a smoker, whereas 68% of the women had never smoked. Information on cancer incidence 
was obtained through the population-based Norwegian Cancer Registry, which has been 
operational through the mandatory reporting of cancer cases by physicians since 1953. All 
cohort members were followed up from 1966 to the date of the first diagnosis of the cancer 
being considered, the date of emigration, the date of death, or until 31 December 1993.The 
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only exception was for cancers of the upper aerodigestive tract, where more than one f 

diagnosis per person was allowed. Questionnaire data were not updated during the follow- j 

up period. Analyses were performed using the Cox proportional hazards regression models. j 

Norwegian Screening Study j 

The Norwegian Screening study followed the cancer incidence in a random sample of ; 
adults from two cities and three counties in Norway who were screened for coronary heart f 
disease between different time periods (see Table 2.1). Participants were followed until 
death or emigration up to 1988. The officially coded underlying cause of death was used 
as the end-point. Mortality rates were adjusted forage and area of residence and analysed 
with Cox proportional hazards models (Vatten & Kvinnsland, 1990; Tverdal el al., 1993; 

Thune & Lund, 1994; Veierod el al., 1997). 

(iv) Finland 

Finnish Men’s Study I 

A cohort of 4604 Fmnish-Norwegian men was interviewed in 1962 about their j 

smoking habits and cardiorespiratory symptoms. The study subjects were selected from | 

three urban areas in western and central Finland, and three rural areas in western and ; 

eastern Finland (Pedersen et a!., 1969). One hundred and thirty-two men whodied or were ; 

diagnosed with lung cancer before 1964, and 20 who had not given details of their 
smoking habits at the interview, were excluded, leaving an effective cohort size of 4452 I 

men, The follow-up period for analysis covered 1964—80. Lung cancer cases were iden¬ 
tified through the population-based cancer registry in Finland, by use of the Finnish t 

personal identi fi cation number. The effect of smoking and different respiratory symptoms i 

on lung cancer incidence was assessed by a log-linear modelling technique (Tenkanen 
etui, 1987; Hakulinen et al, 1997). 

Finnish Mobile Clinic Health Examination Study i 

Between 1966 and 1972, the Finnish Mobile Clinic Health Examination Survey : 
performed multiphasie health examinations in rural, semiuiban and industrial munici¬ 
palities in different parts of Finland. A total of 62 440 white adults aged > 15 years were 
invited to participate, and the participation rate was 83%. All participants completed a 
questionnaire that had been sent in advance and checked at baseline examination. Partici¬ 
pants were followed up until 1991 (Knekt et at., 1998; Heikkila et al., 1999). 

(v) Iceland j 

Reykjavik Study 

Tulinius etal. (1997) assembled a cohort of 22 946 adult Icelanders in five stages for 
a study on risk factors for cardiovascular disease. The first stage took place from 1967 to 
1969, the second from 1970 to 1972, the third from 1974 to 1979, the fourth from 1979 
to 1984 and the fifth from 1985 to 1991. The initial enrolment interview took place at a 
clinic visit at which the completion of a comprehensive questionnaire concerning various 


risk factors was followed by a series of anthropometric and biochemical measurements. 
Although interviews were conducted at each stage, this study used only data from each 
subject's first interview. Overall, 73% of the initial target population was successfully 
recruited into the study. The cohort was linked with the Icelandic Cancer Registry, a 
population-based registry of the entire country that was begun in 1954. Linking to the 
registry was facilitated by the unique identification number assigned to all residents in 
Iceland. Cox’s regression was used to analyse the predictive power of a number of 
variables on the incidence of first cancer after enrolment into the study. 

(vi) Netherlands 

Dutch Study 

A cohort of 26 697 women from the city of Utrecht in the Netherlands answered 
a questionnaire and provided a 12-h urine sample al the beginning of the follow-up 
period. Follow-up continued from entry to the study for up to 15 years. The full cohort 
was drawn from two previously established screening programmes. The first was a popu¬ 
lation-based screening programme for the early detection of breast cancer in women aged 
40-64 years, called the DOM project. This portion of the cohort had 14 697 women who 
were enrolled from early 1975 until mid-1977,72% of whom participated. One year later, 
81% of this group participated in a follow-up effort in which a second 12-h urine sample 
was collected. The second breast cancer screening programme (Lutine study) was under¬ 
taken in 1982-83 and included more than 12 000 women 40-49 years of age [exact 
number not stated by the author]. For this second screening programme, 12-h urine 
samples were taken on days 21-23 of three consecutive menstrual cycles. Participation in 
the second screening programme was only 44%, probably because of the demanding 
Study protocol. An all-causc-of-death register was established for this study to which all 
medical practitioners in the city of Utrecht who saw cohort members in their practices 
reported, in 1987, a regional cancer register was established, making it possible to follow 
the entire study cohort for cancer incidence. There were three distinct follow-up periods 
(Ellard et al., 1995; de Waard et al, 1995; van Wayenburg et al, 2000). 

(vii) Denmark 

Copenhagen City Heart Study 

In 1976, a prospective epidemiological study was initiated in which participants were 
selected from 90 000 persons living in a defined area around the University Hospital of 
Copenhagen. An age-stratified sample of subjects aged 20 years or more was selected at 
random. Seventy-four per cent of those invited to participate (14 223 subjects) attended. 
The subjects were followed up until 1989. Notification of deaths and causes of death were 
obtained from the Central Death Registry of the National Board of Health (Lange etal, 
1992). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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( b ) North America 

(i) USA 

Framingham Heart Study 

The Framingham Heart Study included 5209 subjects who were first examined . 

between 1948 and 1952, and were aged 45-84 years at baseline examination. Participants [ 

were routinely examined every two years for 24 or 34 years. At these examinations, j 
information on smoking status and other risk factors was updated. A tumour registry was 
set up for this cohort (Williams el at, 1981; Freund el at, 1993). 

American Cancer Society (nine-state) Study 

In 1952, more than 22 000 volunteers for the American Cancer Society each 
distributed a questionnaire to 10 white men aged 50-69 years whom the volunteer knew 
well. Smoking histories were collected from 204 547 men in nine states. After exclusion 
ol unsuitable subjects, a cohort of 187 783 men was followed by the volunteers from 1952 
through 1955 (average duration, 44 months). A total of 11 870 deaths (6.2%) and 1.1% 
losses to follow-up were recorded. Death certificates were obtained for all reported deaths . j 
and further information was sought from the physician, hospital or tumour registry 
whenever cancer was mentioned in the certificate (Hammond & Horn, 1958a,b). The j 

distribution ol smoking habits in the study population was in close agreement with that j 

reported in a large survey on smoking habits in a sample of the US population (Haenszel I 
etai. 1956). ; 

US Veterans’Study f 

Beginning in January 1954, 293 958 holders of US government Uife Insurance j 
policies who had served in the armed forces at any time between 1917 and 1940 were sent 
a questionnaire on smoking habits; 198 834 (68%) responded and 49 361 additional 
replies were obtained by a subsequent mailing in 1957 (total response rate, 85%). Policy 
holders were almost exclusively white men of the middle and upper social classes. 
Subjects were followed up from 1954 until 1980 duiing which time there were 192 756 
deaths. Whenever a claim was filed for payment of a policy, a copy of the death certificate 
was sent by the Veterans’Administration to the National Institutes of Health study office. 
Terminated policies were also checked annually to ascertain if termination was due to 
death or to other reasons. Additional information on policy holders who had died was 
requested from a certifying physician or hospital. The 26-year follow-up was considered 
to be almost complete by Chowe/ at. (1995), with 95% of the death certificates of cohort 
members who had died having been obtained (Kahn, 1966; Rogot & Murray, 1980; 

Kinlen & Rogot, 1988; McLaughlin et at, 1989; Hsing et at., 1990a; McLaughlin et a!., 

1990a,b; Hsing et al., 1991; Heineman et at., 1992; Zahm et at, 1992; Chow etai, 1993; 
Heineman etai, 1994; Chow etai., 1995; McLaughlin el at, 1995; Chow etai, 1996). 


Californian Study 

Information on occupational exposures and smoking history was collected from self- 
administered questionnaires in 1954-57 from 68 153 male labour union members, aged 
35-64 years, in California. Subjects were followed up for mortality up to December 1962 
(average follow-up time, 7.1 years) through California death records. A total of 4706 
deaths occurred in the cohort, 936 of which were from cancer (Weir & Dunn, 1970). (The 
Working Group noted that the data available on smoking habits were less extensive than 
those obtained in other studies.] 

Cancer Prevention Study I (CPS-I) 

Between October 1959 and February I960, volunteers for the American Cancer 
Society in 25 states recruited more than one million subjects from among their friends, 
neighbours and acquaintances. Families were enrolled, with the condition that there be at 
least one person aged over 45 years in the family. All family members over 30 years of 
age were requested to fill out a detailed four-page questionnaire. Participants were predo¬ 
minantly white (97%), married (82%) and college-educated. For the 1 051 038 subjects 
enrolled, vital status was monitored by the volunteers, originally to September 1965 
(Thun & Heath, 1997). Each subject was traced annually and every 2 years was requested 
to fill out a brief follow-up questionnaire. Of the subjects originally enrolled, 1% could 
not be traced in the follow-up, and 2% of the questionnaires were unusable. Death 
certificates were obtained front state or local authorities and, when cancer was mentioned, 
further information was sought from physicians, The underlying cause of death was coded 
according to the ICD 7th revision. During the first 6 years of follow-up, 76 888 subjects 
died and 14 029 (1.4%) were lost to follow-up; 483 519 white women and 358 422 white 
men alive at the end of 1966 were further followed up for mortality until 1972 with a 
success rate for follow-up of 99%. This is the largest of the early cohort studies on 
tobacco and mortality (Hammond & Garfinkel, 1961; Hammond, 1966; Garfmkel, 1980; 
Hammond & Seidman, 1980; Garfinkel, 1985; Stcllman & Garfinkel, 1986, 1989a,b; 
Garfinkel & Boffetta, 1990; Thun et at, 1995; Thun & Heath, 1997; Thun et al. , 1997a, 
Shanks & Bums, 1998). 

Harvard Alumni Study 

A cohort of undergraduates who had entered the University of Harvard between the 
years of 1916 and 1950 was identified when they responded to a health questionnaire sent 
out in 1962 or 1966. Updated information was obtained from 13 905 cohort members 
from periodic surveys that assessed lifestyle habits and medical history. The questions 
asked for information on daily amount of cigarette smoking, age at start and cessation of 
cigarette smoking, weight, height and physical activity. In surveys conducted in 1988 and 
1993, participants were asked whether a cancer had been diagnosed by a physician. 
Deaths that occurred up to 1992 were traced using information from the alumni office to 
obtain death certificates. The authors claimed that mortality follow-up was virtually 
complete (Paffenbarger et at, 1977,1978). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Tecumseh Community Health Study 

The Tecumseh Community Health Study involved subjects who participated in one or 
more rounds of physical examinations offered to 9794 persons from a semi-rural commu¬ 
nity in 1959-60,1962-65 and 1967-69. Cigarette smoking history was taken at each exa¬ 
mination cycle. A retrospective cohort was created from those participants aged 25 years 
and older and who were free of cancer (except for non-melanoma skin cancer) at baseline 
or within 1 year of entering the study. These criteria resulted in a fixed cohort of 3956 
subjects, for whom complete follow-up data were available. In 1986-87, a comprehensive 
cancer incidence survey was conducted by means of a questionnaire sent to the partici¬ 
pants or their next-of-kin. An estimated completeness of 95% was achieved. The reported > 
cancer cases were verified, with the permission of the participant, by requesting abstracts 
of hospital records. A Cox proportional hazards model was used to examine lung cancer 
incidence in relation to smoking habits (Islam & Schottenfeld, 1994). 1 

Kaiser Pcrmanenfe Medical Care Program Study j 

The first cohort included approximately 175 000 subjects aged 15-94 years who 
underwent at least one multi-phasic health check-up between 1964 and 1973 within the * 
Kaiser Permanente Medical Care Program. Cancer incidence was ascertained from the 
first health examination until 1988 through the San Francisco-Oakland Surveillance, 
Epidemiology and End Result (SEER) programme and the Northern California Kaiser i 
Permanente Medical Care Program. Approximately 4.4% of the cohort were lost to the 
study (Hiatt & Bawol, 1984; Hiatt & Fireman, 1986; Friedman, 1993; Friedman & van 
den Eeden, 1993; Herrinton & Friedman, 1998; lribarren etal., 2001). Between 1978 and ! 
1985, a similar cohort was established, which included a maximum of 120 000 subjects 
aged 30-89 years. In one study, the cohort was further followed up until 1987 (Sidney f 

etal., 1993). Cancer cases were ascertained as for the first cohort (Hiatt et at, 1988; j 

Klatsky etal, 1988; Sidney etal., 1993; Hiatt eta!., 1994; Herrinton & Friedman, 1998). • 1 

American Men of Japanese Ancestry Study 

A cohort of 8006 American men of Japanese ancestry, bom during the years 1900-19 
and who resided on the Hawaiian island of Oahu, were interviewed and examined clini¬ 
cally from 1965 to 1968. Information obtained at the interview included age, smoking 
history, usual occupation, type of housing, education and religion. A 24-h dietary recall 
questionnaire was also administered. Newly diagnosed cases of cancer were identified 
through continuous surveillance of Oahu hospitals and linkage with the Hawaii Tumor 
Registry' (Stemmermann et al. , 1988; Severson et al, 1989; Nomura et a!., 1990a,b; 

Chyou et al, 1992,1993a.h, 1995; Nomura et al., 1995; Chyou et at, 1996). 

Lutheran Brotherhood Insurance Study 

A cohort of 17 633 white male life insurance policy holders of the Lutheran Brother¬ 
hood Insurance Society was identified in 1966. A response rale of 68.5% was achieved 
and little difference was observed between responders and non-responders to the ques¬ 


tionnaire with regard to age, urban or rural residence, policy status and cancer mortality 
at 11.5 years of follow-up. The questionnaire included questions on tobacco use in the 
form of cigarettes, cigars, pipes and smokeless tobacco. Other questions asked for details 
of the longest held occupation, frequency of consumption of 35 food items and the con¬ 
sumption of coffee, beer and spirits. Death certificates were coded for underlying and 
contributory causes of death. Person-years were accumulated up to death, loss to follow¬ 
up or the end of the study in 1986, The age-adjusted relative risks for cancer mortality 
resulting from exposure to tobacco, occupation and dietary variables were computed 
using Poisson regression. Statistical interaction between smoking and other risk factors 
was also examined. About 23% of the cohort members were lost to follow-up (Hsing 
et al., 1990b; Kneller et al, 1991; Linet et al, 1991; Chow et al, 1992; Linet et al, 1992; 
Zheng et al, 1993; Hsing et a!., 1998). 

MRFIT Study 

The MRFIT study was conducted on a cohort of 361 662 men who were seen at an 
initial screening visit at 22 clinical centres throughout the USA and were thereby enrolled 
into the cohort in 1975. At the initial visit, 37% (n= 133 117) were current smokers, 
consuming an average of 26 cigarettes per day. A total of 12 866 participants were selected 
for an intervention trial based on a high risk score for coronary heart disease assigned at 
the baseline physical examination. High risk for coronary heart disease was determined by 
a combination of factors, using a logistic regression function derived from men in the same 
age group iu the Framingham Heart Study, including cigarette smoking habits, diastolic 
blood pressure and serum cholesterol at the first screening visit (Kuller etal., 1991). 

Nurses’ Health Study 

In 1976, a cohort of 121 700 female registered nurses was assembled in the USA. At 
enrolment, the nurses completed a mailed questionnaire on risk factors for cancer and 
heart disease. Responses to food-frequency questionnaires were also collected in 1980, 
1984,1986 and 1990. The response rate to follow-up questionnaires was almost 96% 
through to 1990. Family members were the main source of vital status information for 
non-respondents but the National Death Index was also used. Multiple logistic regression 
models were used to compute odds ratios, after controlling for age, total energy intake and 
other potentially confounding variables (Willett et al, 1987; Hunter et al, 1990; Chute 
etal., 1991; Giovannucci etal, 1994a; Grodsteine/a/., 1995; Kearney etal, 1995; Fuchs 
etal, 1996; Egan et al, 2002). 

Using the same cohort, Spcizcr et al. (1999) collected and updated information on 
smoking status and health status by means of a follow-up questionnaire distributed every 
2 years from baseline until 1992. 

Adventists’ Health Study 

A cohort of 34 198 non-Hispanic white Seventh-day Adventists in California (mean 
age, 55.4 years) was formed in 1976 when they completed a questionnaire concerning 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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lifestyle. During the period of follow-up from enrolment until December 1982, newly 
diagnosed cancers were ascertained by various means. First, a record linkage of the cohort 
members was made with two population-based cancer registries, the Cancer Surveillance 
Prugram in Los Angeles and the Resource for Cancer Epidemiology in San Francisco. 
Second, annua! contact was maintained with every member of the cohort by means of a 
mailed questionnaire in which the study subject was asked to report whether he or she had 
been hospitalized in the previous 12 months. Study staff reviewed all medical records for 
evidence of cancer diagnoses. The authors stated that follow-up was 99% complete. 
Relative risks adjusted for permanent covariates were computed by use of the Cox propor¬ 
tional hazards model (Mills etal., 1988,1989a,b, 1990,1991; Singh & Fraser, 1998). 

Leisure World Study 

A detailed health questionnaire was sent to all residents of a retirement community in 
California in 1981, and to new residents in 1982,1983 and 1985. A response rate of 61 % 
was achieved overall. Almost all of the residents were Caucasians of the upper-middle 
class; about two-thirds were women; and 80% were aged 65-86 years. Histological 
diagnosis of cancer was obtained from local hospitals. All participants were sent a follow¬ 
up questionnaire every 2 years (Wu et ut, 1987; Ross et al, 1990; Shibata et al, 1994). 

Cancer Prevention Study II (CPS-II) 

The Cancer Prevention Study II (CPS-II) is a nationwide prospective mortality cohort 
study of nearly 1.2 million adults enrolled by volunteers of the American Cancer Society 
in 1982. As in CPS-J, enrolment was based on families and excluded persons in insti¬ 
tutions and military service and others who would be difficult to trace (Garfinkel, 1985). 

Each participant completed a confidential four-page postal questionnaire on tobacco and 
alcohol use, diet and other factors potentially related to cancer. Deaths were ascertained 
from month ot enrolment until 31 December 1996 through personal enquiries made by the 
volunteers in 1984, 1986 and 1988 and later through linkage with the National Death 
Index. Most of the smoking-related analyses were based on follow-up through 1986,1988 
or 1989 to minimize misclassification of exposure ot'those smokers who quit during 
follow-up. By 1988,1.8% of the cohort were lost to follnw-up and 79 81)2 (6.7%) had died 
(Thun & Heath, 1997), The ninth revision (1CD-9) of the International Classification of 
Diseases was used to code the underlying cause of death. Participants in CPS-II were 
more likely to be white (93%), married (81%) and educated (high school graduates or 
above, 85.6%) than the general population of the USA. The analyses excluded former 
cigarette smokers and persons with incomplete or undassifiable data on smoking status or 
on the frequency or duration of cigarette smoking; men who ever smoked a pipe or a cigar 
or for whom pipe or cigar smoking status was unclear, were also excluded (GartlnkeT, j 

1985; Stellman & Garfinkel, 1986; Garfinkel & Stellman, 1988; Stellman & Garfinkel, ; 

1989a; Garfinkel & BolTctta, 1990; Calle et al., 1994; Thun et al., 1995; Heath et al., 

1997; Thun & Heath, 1997, Thun et al., 1997a,b; Kahn et al., 1998; Chao et al, 2000; j 
Shapiro et at , 2000; Chao et al , 2002). j 


Iowa Women’s Health Study 

The Iowa Women’s Health Study was conducted on a cohort of 41 837 women who 
completed a postal questionnaire (response rate, 42.7%) sent in 1986 to a random sample 
of women from the Iowa driver’s licence list (Potter et al., 1992). The questionnaire 
covered information on age, smoking history, physical activity, level of education and 
alcohol consumption. Cigarette consumption was analysed as pack-years for both current 
and former smokers. Physical activity was ascertained hy questionnaire and translated 
into a three-level physical activity score (low, medium and high). Incident cases of cancer 
were ascertained by the Health Registry of Iowa, which is a population-based cancer 
registry in the SEER Program of the National Cancer Institute (Bostick et al, 1994; 
Hamack el al, 1997; Parker et al, 2000). 

Health Professionals’ Follow-up Study 

In 1986, a cohort of 51 529 male dentists, optometrists, osteopaths, podiatrists, 
pharmacists and veterinarians in the USA were asked to respond to a postal questionnaire. 
The questionnaire included questions on age, current and past tobacco use, marital status, 
height and weight, ancestry, medications, disease history, physical activity and diet. Only 
men who completed the diet questionnaire adequately at baseline and who reported no 
cancer other than non-melanoma skin cancer were included in the analysis. After all base¬ 
line exclusions, 47 781 men comprised the analysis cohort. Follow-up questionnaires 
were sent in 1988, 1990, 1992 and 1994 to ascertain new cancer cases and to update 
smoking status. Family members and the National Death Index were the main source of 
information on vital status of non-respondents. After repeated mailings, the follow-up 
response rate was 94% up to 1994 and ascertainment of death was estimated to be 98%. 
Pooled logistic regression was used in analysis, which accounts for varying time to the 
outcome event and which is asymptotically equivalent to a Cox regression model with 
time-dependent covariate, given the short intervals and low probability of outcomes 
(Giovannuci el at., 1994b; Kearney etal, 1995; Fuchs etal ., 1996; van Dam eld, 1999; 
Giovanttuci et al, 1999). 

(ii) Canada 

Canadian War Veterans’ Study 

After a pilot study to validate the questionnaire in 1955-56, 207 397 war veterans 
listed by the Canadian Pension Commission were sent a questionnaire on smoking habits, 
principal occupations and residence history. Approximately 118 000 forms (57%) were 
returned; after removal of duplicates and unusable forms some 92 000 (44%) (78 000 men 
and 14 000 women) remained. Follow-up was conducted from 1956 to 1962 through 
quarterly lists of deaths made available by the Department of Veterans Affairs. There were 
9491 deaths among men and 1794 deaths among women; in most cases the cause of death 
was confirmed hy autopsy (Best et al, 1961; Lossing et al., 1966). 




Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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National Breast Screening Study 

The National Breast Screening Study is a multicentre, randomized controlled trial of 
mammography screening for breast cancer. Between 1980 and 1985, 89 835 women aged 
40-5 9 years were recruited. In 1982, a second questionnaire was distributed to new atten¬ 
dees and previously enrolled women returning to the screening centres for further scree¬ 
ning. A total of 56 837 women returned the questionnaires. Analyses are based mainly on 
respondents to the second questionnaire (briedenreich et al., 1993; Terry et al., 2002), 

(c) Asia 

(i) China 

Shanghai Factory Study 

Chen el al (1997) studied a cohort of 9351 adults from 11 factories in urban 
Shanghai. This cohort was identified in two stages; one during 1972-73 and the other 
during 1977-78, when members completed an interview based on a structured question¬ 
naire. The questionnaire included questions on smoking, alcohol consumption, occu¬ 
pation, medical history and physical exercise. Vital status of the cohort members was 
monitored using factory records until 1 January 1993, with only 4% of subjects lost to 
follow-up. Cause of death was ascertained by examination of death certificates and the 
underlying cause of death was determined by two nosologists blinded to the smoking 
status of the individual. The Cox proportional hazards model was used for comparing a 
gradient of smoking categories witli nonsmokers, while simultaneously adjusting for 
relevant covariates. At baseline, 61% of men and 7% of women smoked. Of the men, 46% 
consumed more than 20 cigarettes per day whereas only 11% of the female smokers * 
consumed this number. Thirty-eight per cent of male smokers had started smoking prior 
to their twenty-fifth birthday, whereas among women, this figure was 25%. 

Xi’an Factory Study 

A cohort of 1696 persons was identified for a cross-sectional survey of coronary heart 
disease among employees of a machinery factory in Xi’an in May 1976. Employees were 
monitored for cause-specific mortality until 1996. Approximately 7% of the cohort 
members were subjected to occupationally hazardous exposures according to factory' 
physicians. Vital status was ascertained from personnel and union records and confirmed 
through interviews of co-workers or relatives. The Cox regression model was used, 
adjusting for potential confounding factors including age, marital status, occupation, 
education, diastolic blood pressure and triglycerides and total cholesterol levels. During 
the 20 years of follow-up, 173 men and 45 women died {Lam et al., 1997). 

Shanghai Residential Study 

A cohort of 213 800 residents from urban, suburban and surrounding rural areas of 
Shanghai were surveyed for smoking status. Subjects in urban areas were followed up 
annually for 12 years (January 1983 to December 1994) and subjects in suburban areas 
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and ratal counties for 11 years (January 1984 to December 1994). The cause of deaths 
during the foilow-up period was ascertained by medical professionals. Only data on 
subjects aged 40 years and over at enrolment were analysed. Because die prevalence of 
smoking among women aged 40 years and over in suburban and rurai areas was very low 
(3.1% and 1.5%, respectively), data on women in these areas were excluded from the 
analysis. Person-years observed were calculated by sex, age, smoking status and area of 
residence. A Poisson regression model was used to estimate age-adjusted relative risks 
with 95% confidence limits for each cause of death (Gao et al., 1999). 

Linxian Intervention Trial Study 

In the frame of an intervention trial for micronutrients, approximately 30 000 resi¬ 
dents of the Linxian region were interviewed to obtain information on usual dietary 
intake, tobacco use, alcohol drinking, family history of cancer and other factors. The 
cohort was followed up from 1986 until 1991, with little loss to foliow-up. Information 
on cause of death and incidence of cancer was collected from local hospitals or a study 
medical team. Relative risks were adjusted for potential confounders as well as the vita¬ 
min/mineral intervention group (Guo el al ., 1994), 

Shanghai Men’s Study 

Ross et al. (1992) and Yuan et al. (1996) studied a cohort of 18 244 male residents of 
Shanghai, enrolled between 1986 and 1989 (80% of eligible subjects). A structured ques¬ 
tionnaire was completed at a face-to-face interview. The information obtained included 
level of education, history of tobacco and alcohol use, current diet and medical history. At 
recruitment, 50% of study subjects were current smokers, half of whom smoked 20 or 
more cigarettes per day. former smokers represented 7% of the cohort while 43% of 
cohort members had never smoked cigarettes regularly. C ancer incidence was ascertained 
through the population-based Shanghai Cancer Registry and vital status was ascertained 
by inspection of the Shanghai death certificate records. Only 50 subjects were lost to 
follow-up which continued until 1993. 

Taiwanese Study 

A cohort of 14 397 residents of metropolitan, urban and rural areas in Taiwan, China 
were recruited between 1982 and 1986. Information on sociodemographic characteristics, 
smoking status, alcohol drinking and food habits was collected at interview using a 
structured questionnaire. The cohort was fol lowed up until 1994 by linkage with the death 
certification system in Taiwan, Causes of death were classified according to ICD-9. Cox 
proportional hazards regression models were used to derive relative risks for mortality 
and to examine dose-responses (Liaw & Chen, 1998). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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(ii) Japan 

Life Span Study 

The Life Spaa Study cohort originally consisted of 100 000 survivors [sex distribution 
not reported] of the atomic bomb blasts in Hiroshima and Nagasaki. The cohort was 
expanded in 1968 and 1985 by adding approximately 10 000 survivors each time. The 
total cohort included approximately 120 000 individuals, of whom approximately 27 000 
were non-exposed controls. Information on smoking was obtained from three interview 
surveys conducted on a subgroup of the entire cohort in 1963-64,1964-68 and 1968-70, 
and four postal surveys conducted on various subgroups in 1965,1969,1979 and 1980. 
The cancer incidence in 61 505 survivors for whom smoking data were available was 
reported. For 42% of this group, information on smoking was available from at least two 
surveys. Information on cancer incidence and mortality was obtained from the Radiation 
Effects Research Foundation tumour registry and mortality database. Poisson regression 
models were used to fit log-linear relative risk and linear excess relative risk models 
(Akiba, 1994; Land etai, 1994; Goodman etai, 1995). 

Japanese Physicians’ Study 

A survey of smoking and drinking habits among physicians in western Japan was 
carried out using self-administered questionnaires in 1965. From 6815 male respondents 
in nine prefectures (51 % response rate), a cohort of 5477 male physicians was established. 
Vital status was followed until 1983 and confirmed by various medical associations. 
Copies of death certificates were obtained from the District Legal Affairs Bureau and the 
cause of death coded with the ICD-8, After exclusions, the analysis was done on 5)30 
men. Statistical analysis was performed using the Cox proportional hazards model (Kono 
el a!., 1987). 

Six-prefecture Study 

In 1965, 122 261 men and 142 857 women aged >40 years (95% of the census 
population) in 29 health centre districts from six prefectures in Japan were interviewed. 
The six prefectures were selected as being representative of the entire country. The ques¬ 
tionnaire included questions on smoking, alcohol consumption and dietary habits, occu¬ 
pation, and marital status. A record linkage system was established for the annual follow¬ 
up. During the 16-year follow-up period, 8% of the cohort migrated from the original 
health districts. Deaths among cohort members were monitored by linkage to vital statis¬ 
tics kept at each public health centre. Cause of death was coded using the 7th revision of 
the International Classification of Diseases (Hirayama, 1967, 1975a,b, 1977a,b, 1978, 
1981,1982, 1985,1989a, b,c; Mizuno etai, 1989; Akiba & Hirayama, 1990; Hirayama, 
1990; Kinjoe/n/., 1998). 

Regular male smokers who had started smoking between IS and 22 years of age, and 
who were, at that time, between the ages of 40 and 79 years, were selected from the cohort 
for further analysis, resulting in a subcohort of 49 013 men (Mizuno e! al., 1989). [This 


1 r 

study was large and unique in that it involved a non-Caucasian population and was based 
on intenriews rather than self-completed questionnaires.] 

Chiba Center Association Study 

The Chiba Center Association Study was a nested case-control study based on a 
cohort population of 17 200 male participants in a mass screening for gastric cancer by 
the Chiba Cancer Association in Japan in 1984. Cancer cases in cohort members were 
detected by record linkage to the Chiba Cancer Registry, The participants were followed 
from 1984 until 1993. For each cancer case, two controls were selected from the cohort 
population by matching on sex, birth year and area of residence (Murata eta!., 1996). 

Fukuoka Study 

A baseline survey was conducted from 1986 until 1989 among the general population 
of Fukuuka, the region with the highest liver cancer mortality in Japan. All inhabitants 
aged > 30 years were asked to answer a questionnaire, to which the response rate was 
84.3%. A follow-up survey was conducted annually to verify the vital status of partici¬ 
pants. For study subjects who had died, the cause of death was determined from the health 
certificate and classified according to ICD-9, The participants were followed up until 
1996. 

Women were excluded from this survey because of the small numbers of deaths and 
current smokers. After exclusions, 4050 men were included ir: the analysis. Cox propor¬ 
tional hazards regression analysis was employed to estimate relative risks and 95% confi¬ 
dence intervals (Mizoue etai.. 2000). 

{J} Others 

Seven-country Study 

Jacobs el a!. (1999) studied a cohort of 12 763 men in seven countries between 1957 
and 1964, after administration of a standardized questionnaire. The questionnaire 
included questions about daily cigarette consumption at entry, years of smoking cessation 
for former smokers, age, weight and height. A physical examination at baseline included 
a comprehensive history of cardiovascular and cerebral vascular health. Information on 
vital status and cause of death was obtained during the 25 years of follow-up, by exa¬ 
mining death certificates, collecting medical records from hospitals and from interviews 
with physicians and relatives. A Cox proportional hazards model was used to compute 
relative risk. 

Israel Civil Service Centre Study 

In 1963, Kark et a! (1995) studied a cohort of 9975 male civil servants between the 
ages of40 and 69 years living in Haifa, Jerusalem and Tel Aviv, Israel. The initial exami¬ 
nation included a physical examination, measurement of blood pressure, weight and 
height, electrocardiography and venipuncture. A questionnaire, which included questions 
°n sociodemography, health behaviour, diet and psychosocial factors, was administered 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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by a trained interviewer. Further examinations were carried out in 1965 and 1968. The 
follow-up period ended on 31 December 1986 and included 198 298 person-years of 
cancer surveillance by linking the cohort list to both the National Cancer Registry and the 
National Death Registry. A total of 153 cases of lung cancer were identified. The Cox 
proportional hazards model was used to compute relative risk by including age as a 
continuous variable, and city of employment, cigarette smoking and body-mass index as 
dummy variables. The reference categories were never-smukers, resident in Haifa and Tel 
Aviv, and the tipper fifth of the body-mass index frequency distribution. 
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Table 2,1 (contd) 


Country 

Name of 
study 

Date of 

cohort 

sampling 

References 

Maximum 
years of 
follow-up 

Cohort sample and 
age at beginning of 
follow-up 

Collection of 
information 

Cases/ 

deaths 

Neoplasms analysed 

Comments 


Finnish 

Mobile Clinic 
Health 
Examination 
Study 

Iceland 

1966-72 

Knekt et al. (1998); 
Heikkilfl et al. ( 1999) 

1966-91 

56 973 subjects having 
received muliiphasie 
health examination 
from the Mobile Clinic 
[sex distribution nor 
reported] 

Postal 

questionnaire, 
checked by 
interview 

Cases 

Colon, rectum, prostate 


_ 

70 

O 

2 

O 

z 

o 

o 

TO 

> 

Reykjavik 

Study 

1967-91 

Tulinius et a/. ( 1997) 

1968-95 

22 946 ( 1 1 366 men. 

11 580 women) 
residents of Reykjavik, 
born 1907—1954, aged 
31-61 years 

Self-administered 

questionnaire 

Cases 

Lung, urinary bladder, 
oesophagus, pancreas, 
stomach, colon, 
endometrium, cervix, 
prostale, leukaemia 


£C 

i~ri 

C 

o 

c 

2 

m 

The Netherlands 








Dutch Study 

1 975-77, 

1 982-83 

El lard etui. (1995); 
de Waard et of. (1995); 
van Wayen burg et al. 
(2000) 

1975-90 

26 697 women from 2 
breast cancer screening 
programmes (DOM 
project and Luttrte 

Study) in Utrecht, aged 
40-64 years 

Self-administered 

questionnaire 

Cases 

Lung, colon/rectum 


oo 


Table 2.1 (contd) 

Country Date of References 

Name of cohort 

study sampling 

Denmark 

Copenhagen 1976-78, Lange et al. (1992)-, 

City Heart 2 98 1-83 Prescott et al. i 1999> 

Study 


Maximum Cohort sample and Collection of Cases/ Neoplasms analysed 

yean# of age at beginning of information deaths 

fbl low-up tol low-up 


1976-8^ 14 223 subjects Sdf-administered Deaths Lung 

(651 I men, 7703 questionnaire 

wOmen) randomly 
selected among 9b (1(1(1 
persons living in a 
defined area of 
Copenhagen, aged 
£ 20 years 


USA 

Framingham 1948-52 Williams eta!. (1981); 1948—82 

Heart Study Freund ct a/. (1993) 


American 1952 Hammond & Horn 1952—55 

Cancer (1958a.b> 

Society 

(nine-state) 

Study 


5209 subjects receiving 
routine examinations at 
the Framingham Heart 
Study Clinic, MA 
I K7 783 men from 9 
states, aged 50-69 
years 


Interview Cases 


Self-ad ministered Deaths 
questionnaire 


Lung, colon 


Lung, urinary bladder, 
upper aerodigestive tract 
(mixed), pancreas, colon, 
rectum 


Comments 


The study by 
Prescott ei at. ( 1999) 
was based on data 
from three cohorts, O 

including the CO 

Copenhagen City ^ 

Heart Study, the 
Centre of Preventive O 

Medicine and the Oo 

Copenhagen Mule S 

Study. O 

cn 


Inlonnalion on pipe 
and cigars 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.1 (contd) 



Country Date of References Maximum Cohort sample and 

Name of eohort years of age at beginning of 

study sampling follow-up follow-up 


US Veterans’ 1054, 
Study 1957 


Californian 1954—57 
Study 


Kahn (1966); Rogoi & 1954-80 

Murray (1980); Kinlen 
Sc Rogot (1988); 

McLaughlin el id. 

(I989); Hsing et at. 

(1990a); McLaughlin 
et at. (199<)a,b); Using 
el ai- (1991}; 

Heineman et of. 

(1992); Zahm el at. 

(1992 ); Chow el at. 

(1993); Heineman et 
at. (1994); Chow et a!. 

(1995); Heineman et 
at. (1995); McLaughlin 
et at. (1995); Chow 
et of. (1996) 

Weir Sc Dunn (l 970) 1 954-62 


293 958 male holders 
nf a IJS Government 
Life Insurance, aged 
3 I —84 years 


68 153 male labour 
union members, aged 
35—64 years 


Collection of 
information 


Postal 

quustionnairc- 


Postal 

questionnaire 


Cases/ Neoplasms analysed Comments 

deaths 


Deaths Lung, urinary bladder. Information on pipe 

kidney, upper aerodigestive and cigars 
tvact loral cavity, 
nasopharynx, larynx, 
pharynx, oesophagus), 
pancreas, stomach, colon, 
rectum, liver, leukaemia, 
soft-tissue sarcoma, hrain, 
biliary ducts, adrenals. 
non-Hodgkin lymphoma, 

Hodgkin’s lymphoma, 
multiple myelomas 


Deaths Lung, urinary bladder. 

upper aerodigestive tract 
(oral cavity, larynx, 
pharynx, oesophagus), 
pancreas 


Table 2.1 (contd) 


Country Date of References Maximum Cohort sample and Collection of 

Name of cohort yeara of age at beginning of information 

study sampling follow-up follow-up 


Cancer 
Prevention 
Study 1 
(CPS-l) 

1959-60 

Hammond 8c Garfinkel 
(1961); Hammond 
(J966); Garfinkel 
(1980); Hammond & 
Seidman (1 980); 
GarfinkeL (1985); 
Stellman & Garfinkel 
(1986, 1989a, b); 
Garfinkel 8c Boffetla 
(1990); Thun el at. 
(1995); Thun & Heath 
(1997); Thun et at 
(\ 997a); Shank s & 

Bums (1998) 

1959-72 

1 05 1 038 adults from 

25 states, aged 
>30 years 

Postal 

questionnaire 

Harvard 

1 962, 

PafTcnbarger e.t at. 

1 962-92 

13 905 male Harvard 

Postal 

Alumni Study 

1966 

(1977, 1978) 


alumni; mean age, 

58,3 years 

questionnaire 

Tee urns eh 
Community 
Health Study 
<1/11/1II) 

1962 69 

Islam & Schottenfeld, 
1994 

1962-87 

3956 residents 
(L857 men, 2099 
women) of Tecumseh, 
Ml, aged >25 years 

Interview 


Cases/ Neoplasms analysed Comments 

deaths 


Deaths Lung, urinary bladder, 

upper aerodi gestive tract 
(oesophagus, mixed ). 
pancreas, stomach, 
colon/reclum, liver, 
endometrium, cervix, 
leukaemia, biliary ducts 


Information on pipe 
and cigars 
l*or women, all sites 
of the aernd igesti ve 
tract and all cancers 
of the haematopoie¬ 
tic system were 
grouped. 


Cases./ Leukaemia, Hodgkin 
deaths lymphoma 


Cases Lung 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1 (contd) 


Country 

Name of 

Date of 

cohort 

sampling 

References 

Maximum 
years of 
follow.up 

Cohort sample and 
age at beginning of 
follow-up 

Collection of 
in formation 

Kaiser 

Pcrmanente 
Medical Care 
Program 

Study 

1964-73 

0) 

]978—85 

an 

1964-9J 

(M-II) 

I: Hiatt & 13awot 
(1984); Hiatt & 

Fireman (1986}; 
Friedman (1993); 
Friedman & van den 
Ecden (1993); Iribarren 
etal (1999, 2001) 

M: Hiatt et a/. (I9S8); 
Klatsky et at. (1988); 
Sidney eta/ (1993); 
Hiatt et al. (199-4) 

I-f-IJ: Herrinton & 
Friedman (1998) 

1: 1964-97 
11: 1978- 
87 

1 + II: 

197 3—93 

Members of the Kaiser 
Permanente Medical 
Care Program 
l. approx. 175 OCX) 
members aged Li- 
94 years 

H: approx. 80 OOO 
members aged 30-89 
years 

1+11: 252 836 members 
aged l6-<84 years 

Interview 

American 

Men 

of Japanese 
Ancestry 

Study 

1965-68 

Slcmmermann et al. 
(1988); Severson ct <tl- 
(1989); Nomura etal. 
(1990a.b): Chyou el al. 
(1992, J993a,b, 1995); 
Nomura et al. (1995); 
Uhyou e/ al. (1996) 

1965-95 

8 00G American men of 
Japanese ancestry 
residing in Hawaii, 
bom 1900-19 

Interview' 

Lutheran 

Brotherhood 

Insurance 

Study 

1966 

H&ing et al. {1990b); 

K.welter ef al (1991); 
Linel et al. (1991); 

Chaw et al. (1992); 

Li net ct al. (1992 }; 

Zheng et al. (1 993); 
Hsing ei al. (1998) 

1966-86 

17 633 male holders of 
a Lutheran Brother¬ 
hood Insurance policy, 
largely of Swedish, 
Norwegian or German 
descent, aged 
£ 35 years 

Postal 

questionnaire 

MRFIT Study 

1975 

Kuller <?r al. (1991) 

1975-85 

12 866 randomized 
participants initially 
selected for the 

MRFiT, aged 

35—57 years 

Interview 


Cases/ Neoplasms analysed 
deaths 


Comments 


Cases 


Lung. pancreas, colon,, 
rectum, breast, pros lute, 
leukaemia, thyroid, non- 
Hodgkin lymphoma, 
multiple myelomas 


Information on pipe 
and cigars 
Period of col lection 
and age range of 
participants at 
baseline vary slightly 
between studies, 
leading to different 
cohort si ties 


Cases Lung, urinary bladder, 

upper aerodigestive tract 
(mixed), stomach, colon, 
rectum, colorectal polyps, 
prostate 


Deaths Lung..pancreas, stomach. Information on pipe 

colonAectum, leukaemia. and cigars 

non-Hodgkin lymphoma, 
multiple myelomas 


Deaths Lung, urinary bladder, 

kidney, upper aerodigeslive 
tract (oesophagus, mixed), 
pancreas 


£ 


> 

7* 

O 


O 

z 

o 

o 


< 

o 


2 


Table 2.1 (contd) 


Country 

Name of 

Study 

Date of 

cohort 

Sampling 

References 

Maximum 

years of 
tollow-up 

Cohort sample and 
age a: beginning, of 
follow-up 

Collection of 
information 

Cases/ 

deaths 

Neoplasms analysed Comments 

Nurses’ 

Health Study 

1976 

Willett et al (1987); 
Hunter et al (1990); 

Chute etal. (1991); 
Ciovannucci et at. 

(1994a); Kearney et al. 

(1995); Grodstein et al. 
(1995); Fuchs et al. 

( 1996); Speizer et at. 

(J 999); Egan et al. 
(2002) 

1976-92 

121 700 female nurses 

from 1 1 stales, aged 

30-55 years 

Postal 

questionnaire 

Cases 

Lung, colon, rectum, 
colorectal polyps, pancreas, 
breast, skin 

Health Study 

1976 

Mills efat. (1988, 
1989u.b, 1990, 1991); 
Singh & Fraser (199S) 

1976-82 

34 198 nialc and 
female Adventists, 
aged > 25 years 

Postal 

questionnaire 

Cases 

Urinary bladder, breast, 
pancreas, colon, prostate. 

leukaemia, multiple 
myeloma 

Leisure World 
Study 

1981-82 

(1) 

1981—85 

I: Wu etal. 0 987) 

11: Ross et al. (1990); 
Shibata etal. (1994) 

1981-85 

Retirees living in a 
retirement community 

1: 1 IS88 

11: 13 976 

(sex distribution not 

reported! 

Postal 

questionnaire 

Cases 

Pancreas, colon/rectum, 
prostate 


—i 

O 


CD 


> 

n 

o 


s 

/*! 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 





Table 2.1 {contd) 


Country 

Date of 

References 

Maximum 

Cohort sample and 

Collection of 

Name of 

cohort 


years of 

age at beginning of 

information 

study 

sampling 


follow-up 

follow-up 


Cancer 

1982 

Garfinkel (1985); 

1982 96 

1 185 106 adults from 

Postal 

Prevention 


Steliman & Garfinkel 


25 stales, aged 

questionnaire 

Study II 


(1986); Garfinkel & 


> 30 years 


(CPS-lf) 


Steliman (1988); 
Steliman «!fc Garfinkel 
(1989a); Garfinkel & 

B ofTetta (1999), C.ui 1 e 
etal. (1994); Thun 
et al. (1995); Heath 
era/. (I99' , >- Thun A 
Heath (1“’ - Thun 
et al /I Kaltn 

£/ al i 1 i. ChftO 






et i J00-1 •; Shapiro 

et'-'' Chao 






et ai i ■ 




Iowa 

1986 

Potter et al. ( IS - - - J: 

j 486-98 

4 t 837 women 

Postal 

Women's 


Gapstur et al (1992); 


randomly selected from 

questionnaire 

Health Study 


Bostick et al. (1994); 


the Iowa driver’s 




Harnack et al. (1997); 


licence list, aged 55-69 




Parker et al. (200D) 


years 


Healt h 

1986 

Giovannucci et al. 

1986-94 

47 781 male health 

Postal 

Professionals’ 


{ 1 994b) ; Kearney et al. 


professionals, aged 

questionnaire 

Follow-up 


(1995); Puchs at al 


40-75 years 


Study 


(1996); van Dam et al. 

(1999); Uiovannucci 
kI al (1999) 





Cases/ Neoplasms analysed Comments 

deaths 


Deaths Lung. kidney, stomach, Information on pipe 

colon/rectuin, colorectal and cigars 

polyps, breast, leukaemia 


Cases Lung, pancreas, colon, 
breast, non-Hodgkin 
lymphoma 


Cases Pancreas, colon/rectum, 

colorectal polyps, prostate, 
Skin 


Table 2.1 (contd) 


Country Date of References Maximum Cohort sample and 

Name Of cohort years of age at beginning of 

stw *y _ sampling ____follow-up follow-up 


Canada 


Collection of 
information 


Cases/ 

deaths 


Canadian War [956 Best et al. (1961); 

Veterans’ LossingerW. (1966) 

Study 


National 

Breast 

Screening 

Study (NBSS) 


1980-85 Friedenreich et al. 

(1993 ); Terry et al. 
( 2002 ) 


China 

Shanghai 1972-73, Chen et al. (1997) 

Factory Study J 977—78 


Xi 'an Factory 1976 Lam et al. (1997 

Study 


1956-62 

92 000 war veterans 
(78 000 men, 14 000 
women), aged 55-79 
years 

Postal 

questionnaire 

Deaths 

1980-93 

Mult (centre 
randomized controlled 
trial of mammography 
screening for breast 
cancer in almost 90 000 
women, aged 40—59 
years 

Sel f-admin istered 
questionnaire 

Cases 

1972-93 

9351 factory 

employees (6494 men, 
2857 women) aged 

35—64 years 

[nterview 

Deaths 

1976-96 

1696 factory 
employees (1 124 men, 
572 women) aged 

£ 35 years 

Interview 

Deaths 


Neoplasms analysed Comments 


Lung, urinary bladder, 
pancreas 


Breast, endometrium Friedenreich et al. 

(1993) conducted a 
nested case—control 
Study. 


Lung, upper aerodigestive Site-specific 

tract (oesophagus), analyses conducted 

stomach, colon/rectum, Ibr men only 

liver 

Lung, upper aerodigestivc 
tract (oesophagus), liver 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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2.1 Cigarette smoking 

2 .1.1 Lung cancer 

Lung cancer is now the most common type of cancer in the world, and the total 
number of cases that occur annually is estimated to be 1.2 million (Parkin et a!., 2000). 

The causal relationship between tobacco smoking and king cancer was established 
during the 1950s (Medical Research Council, 1957; Doil, 1998). 

Tobacco smoking was considered to be causally related to cancer of the lung in the 
[ARC Monograph on tobacco smoking based on the findings of the studies available at that 
time (IARC, 1986). Since 1986, much further evidence has accumulated on the magnitude 
of the increase in lung cancer risk associated with prolonged smoking, the progressive 
increase in smoking rates in women as well as in men, the decrease in risk that occurs 
among smokers after cessation compared with smokers who continue smoking, and the 
increase in the risk for adenocarcinoma of the lung in smokers in recent years The current 
epidemiological evidence comes from many more countries and geographical regions than 
were considered in 1986. The following section summarizes the epidemiological evidence 
on how the relationship between smoking and lung cancer varies with duration and 
intensity of smoking, cessation of smoking, type of cigarette, histological type of lung 
cancer and population characteristics. The main characteristics and the results of the cohort 
studies are presented in Tables 2.1 and Tables 2.1.1.1-2.1.1.3, respectively. For the 
case-control studies, the study designs are summarized in Table 2.1.1.4 while results are 
presented in Tables 2.1.1.5-2.1.1.13. 

(ct) Factors affecting risk 

(i) Duration and intensity of smoking 

The results of cohort and case-control studies that reported on duration and intensity 
of smoking in association with lung cancer risk are presented in Tables 2.1.1.1 and Tables 
2.1.1.5-2.U.7, respectively. In smokers, the most important parameter of smoking that 
affects lung cancer risk is the duration of regular smoking, although risk also increases 
with the number of cigarettes smoked per day. The stronger association of lung cancer risk 
with the duration than with the intensity of smoking may in part reflect the accuracy with 
which these two parameters are measured. Duration is determined by the age at initiation 
and attained age in current smokers or by age at smoking cessation. These parameters can 
be estimated reasonably accurately in epidemiological studies. The intensity of smoking 
is influenced not only by the number of cigarettes smoked per day, which can be estimated 
from self-reporting, but also by depth of inhalation, number of puffs taken per cigarette 
and retention time in the lung. Misclassification of smoking intensity may occur because 
of the necessity for a smoker to maintain his or her accustomed level of nicotine intake. 
Smokers therefore compensate for reductions in the number of cigarettes smoked per day 
by smoking each cigarette more intensively. The studies that are most informative about 
the relative importance of duration of smoking versus number of cigarettes smoked per 
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day are large cohort studies where age-specific lung cancer rates can be compared across 
a broad range of ages and durations of smoking within narrow strata of numbers of ciga¬ 
rettes smoked per day. 

For example, Fipre 2.1.1.1 presents the annual death rate from lung cancer (per 
100 000) among men and women enrolled in the American Cancer Society' cohort (CPS-ll) 
during the first 6 years of follow-up (1982-88) (see Table 2.1 for cohort description). Age- 
specific death rates are presented for lifelong nonsmokers and tor participants who reported 
that they smoked 20 cigarettes per day or 40 cigarettes per day at the time of enrolment in 
the study. For men and women, the death rate from lung cancer increased approximately 30- 
fold from age 4M9 years to age 75-79 years among those who reported currently smoking 
either 20 cigarettes per day or 40 cigarettes per day at enrolment. This age interval corres¬ 
ponds to an average increase in the duration of smoking from 22-26 years to 62-66 years 
among current smokers in this population. There is a much smaller increase in the age- 
specific death rates between participants who smoked 40 cigarettes per day and those who 
smoked 20 cigarettes per day. 

The critical relationship between the duration of smoking and risk for lung cancer was 
demonstrated by Peto and Doll (1984) based on a 20-year follow-up of the British 
Doctors’ Study (Doll & Peto, 1976). Using a statistical model fitted to data from the men 

Figure 2.1.1.1. Lung cancer mortality' rates by age and amount currently smoked 




Age Age 


in the British Doctors' Study, Doll and Peto (1978) estimated that the annual excess 
incidence of lung cancer increased approximately 100-fold when men who had smoked 
for 45 years were compared with those who had smoked for 15 years (see Table 2.1.1.14). 
This 100-fold increase with duration of smoking is seen for both moderate and heavy 
smokers. Case-control studies that have examined risk in relation to both duration of 
smoking and number of cigarettes smoked per day have demonstrated a stronger asso¬ 
ciation with duration (see Table 2.1.1.7). 

The effects of duration of smoking are so strong, and so closely correlated with age. 
that it is difficult to determine whether ageing itself has any independent effect on excess 
lung cancer rates among people of different ages who have similar smoking histories. 
Lung cancer risk was found to increase exponentially with age among male cunent 
smokers in both the British Doctors’ Study (Figure 2.1.1.2) and in CPS-II (Figure 2.1.1.3). 
Death rates from lung cancer also increased exponentially with age among female current 
smokers in CPS-ll during the 1982-88 follow-up, except in women aged > 80, who 
represented birth cohorts of women who started smoking 4-15 years later than the 
average age of starting smoking among women aged 40 in 1982 (Thun et ai, 1997a). 

The close correspondence between the age of starting smoking and the duration of 
cigarette smoking among current smokers results in higher age-specific cancer death rates 
in smokers who began smoking at earlier ages. This is illustrated in Figure 2.1.1.4, based 
on 8.5 years of follow-up of the US Veterans cohort (Kahn, 1966). In both ‘moderate’ 

Figure 2.1.1,2. Lung cancer mortality rates among male nonsmokers and regular 
cigarette smokers 


Smoked cigarettes 



Duration of exposure in years 
(age -22.5 for smokers and age -2.5 for nonsmokws) 

From Doli (1971) and Peto and Dolt (1984) 
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Figure 2.1.1.3. Lung cancer mortality rates by cigarette smoking status and age in 
men and women from the CPS-II cohort, 1982-88 
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Adapted from Thun e/a/. (1997#) 


Figure 2.1.1.4. Relationship between age at starting regular cigarette smoking and 
lung cancer death rates at age 55-64 years in US men 



Age (years) when started to smoke cigarettes 

From Dolt and Peto <198i) 


smokers (10—20 cigarettes per day) and ‘heavy’ smokers (21-39 cigarettes per day), the 
annual death rate from lung cancer at age 55-64 was higher the younger the age at which 
the men had started to smoke. Age at starting smoking cannot he separated from the 
duration of smoking in analyses of current smoking by attained age. 

A consequence of the strong relationship between prolonged smoking and lung cancer 
risk is that the full effect of smoking in a population is not seen in national rates of lung 
cancer until regular smoking has been entrenched in that population for at least 50 years. 
The consequences of smoking on lung cancer may also be underestimated in epidemio¬ 
logical studies that do not include long-term smokers. Differences in the distribution of 
the age groups of the smokers being studied and in the duration of regular heavy smoking 
contribute to the quantitative variations in the age-specific absolute lung cancer rates and 
in the relative risks associated with current smoking. The maturation of the smoking 
epidemic is evident in temporal changes in age-specific death rates for lung cancer in 
countries where cigarette smoking has been common for many decades. The age-specific 
lung cancer rates reflect the ageing of successive birth cohorts of smokers. For example, 
Figure 2.1.1.5 depicts the changes in age-specific death rates from lung cancer in white 
and non-white men and women in the USA from 1930 to 1996. Within each age group, 
the death rate from lung cancer has first increased and then decreased, with the downturn 
in the age-specilic death rate from lung cancer beginning earlier at younger than at older 
ages. These temporal patterns in lung cancer reflect historical patterns in cigarette 
smoking over the previous 10-60 years. Successive birth cohorts (generations) of men 
and women smoked progressively more than the previous generation over the first half of 
the twentieth century, and then progressively less until intensified marketing to ado¬ 
lescents began in the 1990s. 

(ii) Smoking cessation 

The effect of smoking cessation on relative risk for lung cancer has been evaluated by 
a large number of analytical studies. In many case-control studies (Table 2.1.1.8} and in 
cohort studies (Table 2.1.1.2) that examined the lung cancer risk among people who quit 
smoking cigarettes, a significant reduction in the relative risk of lung cancer was 
observed. This reduction in relative risk was observed in both men and women, among 
light (i.e. < 20 cigarettes/day) and moderate to heavy cigarette smokers (i.e. > 20 ciga- 
rettes/day), and among those who typically smoked manufactured cigarettes as well as 
who rolled their own cigarettes. The reduction in risk was observed within 1-4 years of 
smoking cessation, and the magnitude of the reduction in relative risk increased with 
increased time since cessation. 

However, comparisons between smokers and former smokers in particular popu¬ 
lations were often made when the hazards among the continuing smukers in those popu¬ 
lations were still far from maximal; therefore, the comparisons seriously underestimated 
the magnitude of the long-term benefits of stopping. The most accurate estimate of the 
benefit of smoking cessation comes from studies conducted in populations, like the 
United Kingdom, where the full hazards of continued smoking were already apparent and 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392073 


167 



j 66 (ARC MONOGRAPHS VOLUME 83 

Figure 2.1.1.5. Lung cancer mortality rates in US white and non-white men and 
women, 1930-1996 






Source: US Vital Statistics 
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Figure 2.1.1.6. Cumulative lung cancer risk by smoking status and age at quitting 
smoking in men in the United Kingdom 



From Mnetd (2000) 

where there were many long-term former smokers. For men in the United Kingdom, 
where the worst affected generation of smokers was that bom around 1900, a study 
conducted in 1990 (and published 10 years later—Peto et ai, 2000) found a high lifelong 
risk of lung cancer among continuing smokers and substantially lower lifelong risks 
among those who stopped at 50 or, particularly, at 30 years of age (see Figure 2.1.1.6). 
Former smokers had significantly higher risks than men who had never smoked, but they 
also had very substantially lower lifelong risks than those who continued, with most of 
the benefit accruing not in the first decade after stopping, but in subsequent decades (see 
Figure 2.1.1.6). 

(iii) Type of cigarette and inhalation 

The JARC Monograph on tobacco smoking (IARC, 1986) concluded that 
case-control and cohort studies available at that time suggested that prolonged use of 
‘high-tar’ and untipped cigarettes is associated wilh greater risks than prolonged use of 
filter-tipped and ‘low-tar’ cigarettes. The results of cohort and case-control studies on the 
type of cigarette, tar level in cigarettes, type of tobacco and inhalation are summarized in 
Table 2.1.1.3 and Tables 2.1.1.9,2.1.1.10,2.1.1.11 and 2.1.1.12, respectively. 

As discussed in Section LI, cigarette composition changed substantially during the 
second half of the twentieth century with the introduction of blended tobacco, filter-tipped 
cigarettes and other changes intended to modify the nicotine and tar yield of these ciga- 
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rettes as measured by machine smoking. The actual impact of these changes on the expo- i 

sure of an individual smoker to carcinogens is difficult to assesss because of the large [ 

increase in tobacco-specific nitrosamines from the introduction of blended tobacco, varia- j 

bility in curing processes overtime and in different countries, and compensatory changes 
in smoking behaviour by smokers to maintain their accustomed level of nicotine intake. 

Most importantly, the majority of smokers have used several different products at 
different stages of their life as a smoker. 

In the absence of large populations of smokers who have consumed a single tobacco 
product for many decades, epidemiologists have relied on three lines of evidence to exa¬ 
mine the relationship between cigarette design and cancer risk. The first involves ana¬ 
lytical studies that compare smoking histories (particularly the switch from unfiltered, 
high-tar cigarettes to filter-tipped medium-tar cigarettes) in relation to lung cancer; the 
second involves comparisons of different time periods of the epidemic in cohort studies 
of long duration; the third examines trends in age-specific death rates from iung cancer in 
different countries in relation to the types of cigarettes being smoked. Each of these 
approaches has its strengths and limitations, as discussed below. 

Many case—conliui studies conducted since the 1960s have reported a somewhat 
lower risk for lung cancer among smokers of filter-tipped ‘reduced yield’ cigarettes than 
in smokers of untipped ‘high-yield’ cigarettes. These studies are summarized in Tables 
2.1.1.3 and 2.1.1.9-2.1.1.10. A similar observation was made in an analysis of the CPS-i 
cohort by Hammond et al. (1976). The majority of case-control studies (Kaufman et al., 

1989; Zang & Wynder, 1992; Hams et al., 1993; Benhamou et al., 1994; Kabat, 1996; 

Zang & Wynder, 1996) show a dose-response relationship between the tar content of the 
cigarette smoked and the relative risk for lung cancer. The greater risk associated with 
higher tar level has been shown in both sexes in both Kreyberg I and Kreyberg II histo¬ 
logical types and in both squamous-ceil carcinoma and in adenocarcinoma. 

In cohort studies, the reported magnitude of the risk reduction associated with low-tar 
cigarettes ranged from 25-50% in the CPS-i cohort (Hammond et al., 1976; Steilman & 
Garfinkei, J989b) to 14% in the MRFIT cohort (Kuller et a!., 1991) and to no reduction 
in the Kaiser Permanents cohort (Sidney et al, 1993). The studies comparing ‘high-yield’ 
and ‘reduced yield’ cigarettes have had limited ability to conlrol for all the factors that 
affect smoking behaviour, compensatory changes or selection of type of cigarettes. 
Furthermore, since the quantification of the tar content of cigarettes varied somewhat 
from study to study, the measures of the magnitude of risk reduction are not directly com¬ 
parable. In all of these studies, the risk for lung cancer in smokers greatly exceeded that 
in never-smokers and former smokers irrespective of the type of cigarette. 

Several cohort studies have examined changes in risk for lung cancer among cigarette 
smokers in the United Kingdom and the USA during the mid-twentieth century, when 
most of the cigarettes smoked were untipped, high-tar types, and during the late twentieth 
century', when the majority of smokers used filter-tipped, intermediate yield cigarettes. 

These cohort studies have indicated that the relative and absolute risks for iung cancel- 
associated with smoking continued to increase among older smokers, despite a dramatic 
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decrease in machine-measured tar delivery over the same time period. The increase in risk 
associated with smoking has been interpreted as evidence against the efficacy of lower 
yield products in reducing risk for lung cancer (Burns et al., 2001). However, the 
interpretation of the trend in risk from CPS-I to CPS-II is difficult because these cohorts 
represent time intervals in which there were major increases in the intensity of smoking 
by young people (Peto &, Doll, 1984; IARC, 1986). A similar comparison was made for 
male smokers in the British Doctors’ Study in which the first 20 years of follow-up 
(1951-70) were compared with the second 20 years (1971-90). Although the age-specific 
comparisons are based .on a much smaller number of deaths in the British Doctors' Study 
than in the American Cancer Society cohorts, this study also showed higher age-standar¬ 
dized death rates from lung cancer during the second than during the first follow-up 
interval. A strength of these cohort studies is that they indicate that the introduction of 
filter-tipped cigarettes did not result in the expected rapid reduction in risk for lung 
cancer, especially among older smokers, for whom risk actually continued to increase. 
The principal limitation of these studies is that they cannot distinguish between potential 
changes in the pathogenicity of cigarettes and unmeasured differences in lifetime 
smoking, particularly differences in the intensity of smoking by young people. 

Another line of evidence involves ecological comparisons of changes in age- and sex- 
specific death rates from lung cancer in various countries in relation to the type of ciga¬ 
rette being smoked. These national trends highlight major differences in iung cancer rates 
between men and women and across countries. In the United Kingdom, the iung cancer 
death rate in men aged 35-44 years decreased hy mme than 75% between the early 1960s 
and 2000, whereas the rate in women remained approximately stable. The decrease in 
lung cancer mortality among men in this age group exceeded the 48% decrease in 
smoking prevalence in British men aged 25—34 years over the same interval. In contrast, 
the decrease in death rates from lung cancer among men aged 35-44 years in the USA 
(Figure 2.1.1,7a) began later and lias been smaller than that in the United Kingdom 
(Figure 2.1.1.7b), consistent with the later uptake of widespread cigarette smoking in the 
USA. The 54% decrease in death rates from lung cancer in this age range in the USA 
roughly equals the 51% decrease in age-specific smoking prevalence (Thun & Bums, 
2001). Among men in France (Figure 2.1.1.7c), death rates from lung cancer have 
increased precipitously in men aged 35^44 years since 1950 and in women since 1985. It 
is plausible that the continued use of high-tar cigarettes may have influenced these 
patterns, but it is not possible to separate the effects of changing cigarette consumption 
from the effects of changing cigarette composition. A final example is that of Hungary, 
where death rates from lung cancer increased precipitously from 1960 to 1980 to levels 
exceeding the highest rates reported in the USA, and have subsequently declined (Figure 
2.i.l.7d). A strength of the ecological data is that they suggest that the shift from very 
high-tar cigarettes to medium yield products may attenuate the lung cancer risk, as can be 
seen, for example, in men in the United Kingdom where this trend is not obscured by 
rapidly increasing lung cancer rates from increasing cigarette consumption. Limitations 
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Figure 2.1.1.7, Trends in lung canter mortality rates in men and women, 35-44 years ; 
in a) USA, b) United Kingdom, c) France and d) Hungary I 





of the ecological studies are that such analyses lack data on individual exposure and out¬ 
comes and cannot control for potentially relevant covariates such as diet and air pollution. 

The Working Group considered each of the lines of observational evidence that 
contribute to the assessment of the consequences of changes in cigarettes. Each has 
serious limitations that reflect the inherent difficulties of tracking the consequences of a 
single aspect of smoking that has varied over time concomitantly with other aspects of 
smoking, including intensity of smoking, particularly at younger ages. Successive birth 
cohorts have had differing profiles of exposure to cigarettes of differing characteristics. 
These patterns have varied between countries. 

Nevertheless, after considering the limitations of the evidence, the Working Group 
concluded that changes in cigarettes since the 1950s have probably tended to reduce the 
risk for lung cancer associated with the smoking of particular numbers of cigarettes at 
particular ages, Supporting evidence for this conclusion came from the limited data from 
case-control and cohort studies on cigarette type and from the patterns of declining 
mortality rates from lung cancer among men in early middle age, particularly in the 
United Kingdom. However, the introduction of cigarettes that can be misperccivcd as 
‘safe’ may well have adversely affected smoking uptake rates, cessation rates and con¬ 
sumption per smoker. Hence, the Working Group could not estimate the net impact of 
changes in cigarettes on national mortality rates. Moreover, there are still massive epi¬ 
demics of lung cancer and other diseases caused by cigarette smoking in the United 
Kingdom, the USA and many other countries. 

Differences in risk associated with type of tobacco, i.e. blond versus black, have been 
examined in case-control studies as summarized in Table 2.1.1,11. Relative risks are 
consistently higher among smokers of black tobacco than smokers of blond or mixed 
types. 

(iv) Histological type 

The major histological types of lung cancer are squamous-ccll carcinoma, adeno¬ 
carcinoma (including bronchioloalveolar), large-cell carcinoma and small-cell undifferen¬ 
tiated carcinoma, In the 1950s and 1960s, Doll et al. (1957) and Kreyberg (1962) found 
little or no relationship between tobacco smoking and adenocarcinoma. Similarly, early 
studies of bronchioloalveolar carcinoma reported no relation between tobacco smoking 
and this subtype of adenocarcinoma. Since that time a number of studies have examined 
this issue and are summarized in Table 2.1.1,13. In general, these more recent studies have 
demonstrated a statistically significant association and exposure-response relationship 
between tobacco smoke and all histological types of lung cancer. However, the asso¬ 
ciation has been weaker historically for adenocarcinoma than for the other histological 
types of lung cancer. 

There have been notable shifts over time in the incidence rates of lung cancer by 
histological type. In the initial decades of the smoking-related epidemic of lung cancer, 
squamous-cell carcinoma was the most common type of lung cancer observed among 
smokers and small-cell carcinoma was the next most common. In the USA, incidence 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



3006392076 





172 IARC MONOGRAPHS VOLUME 83 [ 

i 

rates of adenocarcinoma increased steadily between 1973 and 1937, when adenocarci- : 

noma supplanted squamous-cell carcinoma as the most frequent form of lung cancer | 

(Travis et al, 1995). Similar increases in adenocarcinoma have been observed in Asia ' 

(Lam et al, 1987; Choi et al., 1994; Sobue et al., 1999) and in Europe (Levi et al., 1997; | 

Russo et a!., 1997). 

A comparison of two large prospective cohort studies initiated by the American ! 

Cancer Society (CPS-1 and CPS-II) in 1960 and 1980, respectively, indicates that the asso- f 

ciation between smoking and adenocarcinoma has strengthened in the most recent follow- • 

up Ot these cohorts (Thun & Heath, 1997). The relative risk for adenocarcinoma increased ; 

for men from 4.6 (95% Cl, 1.7-12.6) to 19.0 (95% Cl, 8.3-47.7), and for women from 1.5 j 

(95% Cl, 0.3-7.7) to 8.1 (95% Cl, 4.5-14.6) in CPS-1 and CPS-II, respectively. The age- ! 

standardized rates for adenocarcinoma (44.2 for men and 18.1 for women per 100 000 j 

person-years) were only slightly lower than the rates for squamous-cell carcinoma (60.2 
for men and 21.7 for women) in the more recent study (CPS-II),. 

An association between cigarette smoking and bronchioloalveolar carcinoma has also * 
heen found (Morabia & Wynder, 1992; Falk et al, 1992; Morabia & Wynder, 1993), 

The reasons for the increase in the incidence rate of adenocarcinoma in the general 
population and among smokers are unclear. One possible contributory factor may be 
related to advances in methods to detect tumours in the distal airways. Since the late 
1960s, there have been a number of innovations that have probably improved the dia¬ 
gnosis of adenocarcinoma, such as flexible bronchoscopy, fine-needle aspiration and com¬ 
puterized scans. The histological classification of lung cancer has also improved. [The 
Working Group noted that these diagnostic advances would contribute to the rise in 
adenocarcinoma, but seem inadequate to explain the full increase and cannot explain the 
increased association with smoking.] There are no known risk factors other than smoking 
for adenocarcinoma of the lung that might explain the increase in incidence. 

The other explanation that has been proposed is that changes in the formulation of 
cigarettes could have led to a the shift in histological type. The introduction of filter ciga¬ 
rettes in the 1950s may have resulted in deeper inhalation of smoke, and thus higher doses 
to the distal airways from which adenocarcinomas most commonly arise. In addition, 
blended reconstituted tobacco, introduced in the 1950s, releases higher concentrations of 
nitrosamines, which are known lo induce adenocarcinomas in rodents (Hoffman & 
Hoffmann, 1997). Thun et al. (1997b) observed in an analysis of the Connecticut cancer 
registry data that there was a relationship between adenocarcinoma rates and birth cohort 
that peaked among people bom between 1930 and 1939, which might be consistent with 
changes that occurred in filter usage and tobacco composition in the 1950s. 

( b ) Population characteristics 

(i) Lung cancer risk in women versus men 
There is currently inconsistent and inadequate epidemiological evidence to support 
the proposal that women are more susceptible than men to developing lung cancer as a 
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result of smoking. Several rase-control (see Tables 2.1.1.5, 2.1.1.6, 2.1.1.8, 2.1.1.9, 
2.1.1,10, 2.1.1.13) and cohort studies (Tables 2.1.1.1-2.1.1.3) have failed to show a 
greater relative risk in women (case-control studies: Higgins & Wynder, 1988; Lei et a!., 
1996; Xu ef a/., 1996; Yu & Zhao, 1996; Hue/ al., 1997; Muscat et al., 1997; Jockele/a/., 
1998, Wunsch-Filho et al., 1998; Kreuzer et al., 2000; Mao et al., 2001; Simonato et al., 
2001; Stellman ei ul., 2001; cohort studies: Freund et al., 1993; Sidney ef o/., 1993; Islam 
etal., 1994; Nordlund et al., 1999), whereas several others have shown a greater relative 
risk among women (case-control studies: Gao et al., 1988; Hebert & Kabat, 1991; Risch 
et al., 1993; Yu & Zhao, 1996; Zang & Wynder, 1996; Pacclla-Norman et al, 2002; 
cohort studies: Engeland etal., 1996a;Tulinius et al., 1997). What is most relevant is the 
absolute risk rather than the relative risk. All of the studies that postulate greater risk in 
women than men are cohort or case-control studies that have estimated relative risk, but 
not absolute risk (Risch et al., 1993; Hoover, 1994; McDuffie, 1994; Wilcox, 1994). In a 
large prospective study, women have been shown to have lower death rates from lung 
cancer than do men within equivalent strata of age and smoking (Thun et al., 2000). 
Despite similar smoking characteristics among women and men up to and including early 
middle age in some countries in northern Europe, the lung cancer rates were the same in 
men and women (Nordlund et al, 1999). Incidence rates for lung cancer in nonsmokers 
have generally been shown to be lower in women than men. This can result in large 
relative risks from an equivalent or even lower increase in absolute risk for lung cancer. 

(ii) Ethnicity 

It has been postulated that susceptibility to lung cancer from tobacco smoking may 
differ by race and ethnicity. The best comparative data available are on risk in African 
Americans compared with risk in whites, and in Asian Americans compared with whites. 
Even for these groups, differences in nutritional and other factors between racial and 
ethnic groups complicate such comparisons. 

African Americans versus Caucasians 

Compared with white men, black men have a higher incidence of and death rate from 
lung cancer, younger age at diagnosis and shorter survival (Stewart, 2001). Furthermore, 
the racial and ethnic differences in smoking vary considerably depending on the para¬ 
meter being measured. Black men and women begin smoking at a later age and consis¬ 
tently report smoking fewer cigarettes per day (Novotny et al. , 1988). However, smoking 
prevalence has been higher in black than white men since 1950 (Bums et al., 1997) and 
the brands preferred by black smokers are more likely to be mentholated or to have higher 
machine-measured levels of nicotine and tar (King & Bmnetta, 1999; Stellman et a!., 
2003). However, studies that have compared the risk associated with mentholated and 
non-mentholated cigarettes have not found any difference (Carpenter et al., 1999). Black 
smokers have higher blood levels of cotinine, the main metabolite of nicotine, than do 
whites who smoke a similar number of cigarettes per day (Caraballo et a!., 1998; King &. 
Brunetta, 1999). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Several case-control studies have compared relative risks in whites with those in 
African Americans, especially in men (Harris el ai, 1993; Schwartz & Swanson, 1997, 

Stellman el ai, 2003). In a study that compared smokers of less than 41 pack-years with , 

nonsmokers, African Americans had a higher relative risk than did whites aged 40-54 ' 

years (Schwartz & Swanson, 1997). In another study (Harris et al., 1993), black smokers | 

were at a higher risk only for Kreyberg II cancers. In the most recent study (Stellman j 

etal., 2003), similar risks for blacks and whites with similar smoking habits were . 

reported. 

Asians versus Caucasians 

Comparisons of lung cancer risk in Caucasians with that in Chinese and Japanese 
populations are also perplexing. Absolute lung cancer rates were found to be high among 
nonsmoking women in certain areas of China, perhaps as a result of indoor cooking with 
poorly vented coal-fuelled stoves (Fraumeni & Mason, 1974; Law et ai, 1976; Gao etal, | 
1988; Wu-Williams et ai, 1990). Because of the high background rate, the absolute j 

increase in risk for lung cancer among women who smoke in some areas of China is j 

actually larger than the absolute increase in lung cancer risk among women who smoke in 
the USA. Pcto et al. (1999) have demonstrated that the absolute death rate from lung . 
cancer among female smokers in these areas in China is substantially higher than the 
average death rates from lung cancer among women in the USA (Figure 2.1.1.8; Thun 
et al., 1997c), despite a relative risk of approximately 2 associated with smoking in rural 

areas and a relative risk of 3 in urban areas. 

The situation is substantially different in Japan, where lung cancer rates among men 
in the general population and among male smokers in large cohort studies (Wakai et al ., 

2001) remain lower than in North America (Stellman et al., 2001). Peto and others 
attribute this difference to the more recent initiation of regular heavy smoking, because 
consumption of cigarettes in Japan did not increase markedly until the 1970s, and the 
main increase in cigarette smoking prevalence occurred 40 years later in China than in the 
USA (Liu etal, 1998; Niu etal, 1998). However, the relative risk for lung cancer ranges 
between 3 and 5 among middle-aged women and men in the largely (95%) Chinese 
population of Hong Kong SAR, where cigarette smoking prevalence reached its peak 
about 20 years earlier than in mainland China (Lam et ai, 2001). There is some evidence 
that differences in nicotine metabolism may contribute to differences-in intensity .of* «*• 
smoking between Caucasians and Chinese and Japanese. Benowitz et al. (2002) reported 
slower clearance and reduced intake of nicotine from cigarette smoking in Chmese- 
Americans than whites; they postulated that this may cause Asian smokers to smoke fewer 
cigarettes per day. This issue has yet to be resolved. 

(c) Lifetime probability that a smoker will develop lung cancer 

The lifetime probability that a smoker will develop lung cancer is conditional on life¬ 
time smoking practices and competing causes of death. 1 he frequently quoted axiom that 
‘only 10%’of cigarette smokers develop lung cancer (Mabry et ai, 1998) underestimated 
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Figure 2,1.1.8. Lung cancer mortality rates in male and female smokers and non- 
smokers aged 35-69 years in different parts of China. 1986-88 




Oealhs/1 OOO male non-smoterj Deatbs/IOQO female non-smokers 

From Peto et al. (1999) 

In comparison, the nationwide US lung cancer death rales in 1990, similarly standardized for age, were 1.4 
per 1000 men and 0.6 per 1 000 women, and 0. 1 per 1 000 male or female US nonsmokers. 

the actual lifetime probability among smokers in the late twentieth century in countries 
such as the USA, where cigarette smoking has been entrenched fur many decades and the 
death rates from competing conditions such as cardiovascular diseases have declined 
(Thun et ai, 2002). 

Mattson et al. (1987) estimated the probability that a male smoker, aged 35 years, 
would develop lung cancer by the age of 85 years if he continued smoking, In analyses of 
over 293 000 US Veterans followed from 19 54 to 1962 (Kahn. 1966), iLwas.estimated 
that 9.3% of men who smoked < 25 cigarettes per day and 17.9% of those who smoked 
2 25 cigarettes per day at age 35 would develop lung cancer by the age of 85 years. This 
led to the estimate that ‘only 10%’ of smokers develop lung cancer (Mabry et al., 1998). 

More recent studies indicate that the lifetime probability of a continuing cigarette 
smoker developing lung cancer has increased overtime. Analyses of the American Cancer 
Society' Cohort (CPS-1I) have shown that the cumulative probability of death from lung 
cancer in male and female smokers aged > 85 years, not conditioned on surviving other 
causes of death, reached 14.6% and 8.3%, respectively, compared with 1.1% among male 
and 0.9% among female lifelong nonsmokers of this age (Thun et ai, 2002), If the impact 
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of competing causes of death were excluded from the calculation, the lifetime proba¬ 
bilities would be 24.1% and 11.0% in male and female smokers, respectively, and 1.6% 
and 1.1% in male and female never-smokers, respectively. The latter estimates are 
probably more relevant for estimating the fraction of genetically susceptible persons in the 
population than are the unconditional percentages, because they are independent of other 
causes of death. These estimates reflect only the risk of developing lung cancer from 
smoking; the estimates would be approximately 50% if they considered all of the condi¬ 
tions through which smoking causes premature death. 


TOBACCO SMOKE 


177 


T3 Cl 
C 3 

8 “ i 
g Si 
£ IS 

« 0 u- 

ac <J o 


V> 7 rf O' <3 

r2 cc N d xf 


a t 

o c 

o ^ 

ou 


U ^ S 
c £ £ 


5 8 55 

< (A - 


||p 

IID- 


o n 
o\oK 




o 2 

rjf 7 _ 

o - T 

"1 N M 


X* s* 
1 =5 

B B m 


Ulli: 

O 3 

tUU 


!n 3 x 


« 3 

* “ g 
SgS 

c £8 

* 4»oo 
U > fh. 


-I« ! 2 

i & 5 *A 


—I ia '“iQ rj oo 0^ ac 7 
- «d « v£> K 


i> 

x 5> 

O 4> 

£ a * 

M " «- 


w tf) 
W U 


xf N i, 

T J*.' 


Si5 


3 $ 3 ) 

E £ » 

Si 4> 

i £ &. 

£ cj ij 


•Aec 

i T 7 

■ CO Al 


0 VC 


p*. *(. ^ 

| i«s 


(j o 


1? 

W Ol 


U — 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.1.1.1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative risk 

95% Cl 

Comments 




Age at start (years) 






1 i 

5 19 

6.5 





10 

17- IS 

9.8 





7 

£ 16 

6.4 



Doll et al. (1980) 

British Doctors* Study 

27 


Mortality rate 


Annual mortality rate per 100 000 

United Kingdom 

6 194 women 


Nonsmoker 

7 


women; adjusted for age and calendar 

1951-73 



Former smoker 

23 


period 

(see also Doll 



Cigarettes/day 




etal., 1994) 



1-14 

9 






15-24 

45 






>25 

208 


p for trend <0,001 

Kono et al. (1 987) 

Japanese Physicians 

74 

Cigareltes/Uay 



Adjusted for age and alcohol 

Japan 

Study 


1-19 

3.2 

1.6-6.5 

consumption 

1965-83 

5130 men 


>20 

8.2 

4.1-16.1 


Tenkanen et at. 

Finnish Men’s Study 


Tobacco/day (g) 

Mortality rate 


Annual incidence rate per 100 000 

<1987) 

4604 men 


Cohort bom 1908-17 



persons for the period 1972—80 

Finland 


1 

Non/formcr smoker 

22 



1963-80 


15 

< 15 

599 





22 

> 15 

708 






Cohort bom 1898—1907 






15 

Non/former smoker 

178 





42 

< 15 

997 





30 

£ 15 

1094 



Floderus et al. 

Swedish Twin Registry 

Men 



90% Cl 


(1 988) 

Study 

14 

Former smoker 

5.4 

2.3-12.9 


Sweden 

10 942 same-sex twin 

78 

Current smoker 

19.7 

9.1 —42.7 


1961-97 

pairs 


Cigaretlcs/day 






33 

< 10 

12.4 

5.5-2 7.7 




45 

> 10 

33.3 

15.2-72.7 



Table 2.1.1.1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
ofcases 

Smoking categories 

Relative risk 

95% Cl 

Co mmeuts 



Women 







19 

Current smoker 

Cigarettes/day 

5.1 

3.0-8.7 




12 

< 10 

4.1 

2.3—7.6 


Garfinkel & 


7 

> 10 

8.6 

4.1-18.1 


Cancer Prevention 

1006 


SMR 

4.8 



Stellman (1988); 

Stellman & 

Study II 

619 925 womert 

262 

570 

Former smoker 


Standardised mortality ratios based on 
age-specific rates in nonsmokers 

Garfinkel (J989a) 
USA 


Cigarettes/day 



within cohort; analysis by years of 
smoking restricted to women without 

1982-86 


3 

for 21—30 years of smoking 
1-10 

2.9 


history of chronic illness 



3 

11-19 

6.7 





16 

20 

13.6 





9 

21-30 

18.4 





7 

> 31 

18.9 





18 

for 31—40 years jif smoking 






1-10 

7.9 





22 

11-19 

19.2 





59 

20 

19,2 





36 

21-30 

26.5 





27 

>31 

25.3 





29 

for 41—70 years nf smoking 






1—10 

10.0 





23 

11-19 

17.0 





83 

20 

25.1 





36 

21-30 

34.3 





30 

>31 

38.8 
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Table 2.1.1.1 (could) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative risk 

95% Cl 

Comments 

S tollman &. 

Cancer Prevention 

969 


SMR 


Standardized mortality ratios based on 

Garfinkel (1989b) 

Study 1 

S\ 

N ever-s moker 

1.0 


age-specific rates in nonsmokers 

USA 

222 830 men 

94 

Former smoker 

2.7 


within cohort 

L959-72 



Cigarcttcs/day 







Low tar 






20 

1-19 

5.2 





32 

20 

9.2 





25 

21-39 

10.9 





36 

> 40 

11.0 






Medium tar 






87 

1-19 

7.7 





133 

20 

10.5 





95 

21-39 

14.1 





66 

>40 

18.2 






High tar 






62 

1-19 

7.2 





140 

20 

12.8 





88 

21-39 

15.6 





60 

£40 

19.3 



Akiba & 

Six-prefecture Study 

Men 





Hirayama (1990) 

122 261 men, 142 857 

1120 

Current smoker 

4.5 

3.6-5.7 


Japan 

women 


C i garettes/day 




1965—8I 


14 

1-4 

2.5 

1.4-4.3 




361 

5-14 

3.3 

2.6-4.3 




629 

15-24 

5.4 

4.3-6.9 




76 

25-34 

7.1 

5.1-9.7 




40 

£ 35 

8.4 

5.7-T 2.3 

p for trend < O.QOI 


Table 2 . 1.1.1 (could) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative risk 

95% Cl 

Comments 



Women 







91 

Current smoker 

2.5 

2. 0-3 ,2 





Cigarettes/day 






1 1 

1—4 

1.9 

1.0-3.2 




65 

5-14 

2.5 

1.9-3.3 




15 

5 15 

3.1 

1.8-5.1 

p Tor trend < 0.001 

Kuller et al. 

MRFJT Study 


Current smoker 

6.7 

P< 0.0001 


(1991) 

12 866 men 



Mortality rate 


Annual mortality rate per 10 000 

USA 


456 

Metis moker 

19.2 


persons; adjusted for age 

1975—85 



Cigarettes/day 






130 

1— 15 

49. S 





479 

16-25 

1 11.8 





371 

26-35 

140.4 





41 I 

36-45 

189.0 





157 

£46 

205.1 



Chow et al. 

Lutheran Brotherhood 

63 

Former + occasional smoker 

6.3 

25—15.6 

Non-significant protective effect 

(1992) 

Insurance Study 


Cigarettes/day 



observed for higher dietary intake of 

USA 

[7818 men 

38 

1-19 

15.1 

5,9—38.4 

vitamin A and P-carotene 

1966 -86 


60 

20-29 

23.8 

9.5-59.5 




40 

>30 

48.4 

19.0-123.7 


Chynu et al. 

American Men of 


Pack-years 




(1992) 

Japanese Ancestry 

33 

<31 

6.3 

3.3-12.3 


USA 

Study 

44 

31—45 

9.0 

4.8-17. t 


1965-95 

8006 men 

92 

>46 

23.3 

1 2.8—42.6 

p for trend C 0-0001 

Potter et al. 

[ftwa Women’s Health 

126 




Adjusted for alcohol consumption. 

(1992) 

Study 


Pack—years 



education and physical activity 

USA 

4 J 843 women 


< 20 

2.9 

1.2-7.0 


1986-88 



20-39 

9.4 

4.8-18.4 





>40 

17.6 

9.5-32.3 



3006392080 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


IARC MONOGRAPHS VOLUME S3 J TOBACCO SMOKE 





Table 2.1-1*1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative risk 

95% Cl 

Comments 


Chyou &t oil. 

American men of 


Pack—years 



Adjusted for age 


(1993) 

Japanese Ancestry 


Current smoker* 



f Relative risk of J6.0 for squamous/ 

n 

USA 

Study 

16 

<25 

4.3 

2.1-9.0 

small-cell carcinoma and 6.8 for 

a 

1965-90 

7961 men 

83 

25-49.9. 

9.8 

5.5-17,6 

adenocarcinoma 

§ 



82 

£ 50 

23.3 

12.9-41.8 

p for trend < 0.001 

o 

Freund et al. 

Framingham Heart 


Men 

Incidence rate 


Annual incidence rate per 1000 

o 

(1993) 

Study 

31 

45-64 years old 



persons; adjusted for age 

g 

USA 

1916 men, 2587 


Non smoker 

0.0 


The authors also reported relative 

T3 

1948-82 

women 


Cigarettes/day 



risks for current smokery lor each age 

cn 




1-10 

0.0 


group. 

< 




11 —20 

1.6 



o 




21-30 

2.1 







> 30 

4.3 






40 

65—84 years old 




cn 




Non smoker 

0.5 



oo 




Cigarettes/day 








1-10 

4.2 







11-20 

4.7 







21-30 

4.7 







>- 30 

13.1 





1 


Table 2.1.1.1 (contd) 


Reference 

Country and years 
Of follow-up 

Subjects 

Number 
ofcoses 

Smoking categories 

Relative risk. 95% Cl 

Comments 





Women 






10 

45—64 years old 







Nonsmoker 

0.2 






Cigarettes/day 







1-10 

0.0 






11-20 

0.3 






21-30 

1.3 






p- 30 

1.6 


—1 



13 

65—84 years old 



O 

ro 




Nonsmoker 

0.4 


> 




Cigarettes/day 



o 




1-10 

0.9 


o 




11-20 

2.7 


CO 




21-30 

2.8 


g 

Tverdal et f*l. 

Norwegian Screening 

Men 


Mortality rate 

Annual mortality rate per 100 000 

a 

0993) 

Study 

4 

Non smoker 

3.6 

persons; adjusted for age and study 

Norway 

44 290 men, 24 535 

11 

Former smoker 

7.5 

area 


1972-88 

women 

144 

Current smoker 

58.5 






Cigarettes/day 






18 

1-9 

32.4 





68 

10-19 

50.3 





57 

>20 

99.4 





Women 







3 

Nonsmoker 

1.9 





24 

Current smoker 

21.0 






Cigarettes/day 






5 

1-9 

8.6 





19 

> 10 

34.2 




3006392081 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 






Table 2.1.1.1 (contd) 


Reference 

Country and years 
of’ follow-up 

Subjects 

Number 

of cases 

Smoking categories 

Relative risk 

95% Cl 

Comments 

Akiba (1994) 

Li fe Span Study 

411 

Men 



, + Upper 95% limit could not be 

Japan 

61 505 men and women 

48 

Former smoker 

2.5 

1 .5—4.3 

obtained. 

1968-87 


345 

Current smoker 

5.1 

3.3-?* 





Cigarertes/day 







1-14 

3.5 

2,2—6.0 





15-24 

6.1 

3.9—? r 





> 25 

9.1 

5.4-1 5.9 




199 

Women 






9 

Former smoker 

1.4 

0.7-2.6 




74 

Current smoker 

3.9 

2.9-5.3 





C i garett es/ d ay 







1-14 

3.6 

2.6-5.0 





15-24 

5.8 

3.3-9.5 


Ben-Shlomo el al. 

Whitehall Study 



Mortality rate 


Annual mortality rate per 1000 

(1994) 

19 018 men 


Nonsmoker 

0.3 


persons- adjusted for yg«s 

United Kingdom 


58 

Former smoker 

0.7 



1967—87 


365 

Current smoker 

3.0 



Doll ct al. (1994) 

British Doctor’s Study 

893 


Mortality rate 


Annual mortality rate per 1 00 000 

United Kingdom 

34 439 men 


Nonsmoker 

14 


men; adjusted for age and calendar 

1957-91 



Former smoker 

5R 


period 




Current smoker 

209 






Cigaxettes/day 







1-14 

105 






15-24 

208 






>25 

355 


p for trend < 0.001 

Islam Sc 

Tecumseh Community 

60 

Men 

Incidence rate 


Annual incidence rate per 1000 

Schotienfeld 

Health Study 


Nonsmoker 

0.6 


persons; adjusted for age 

(1994) 

1857 men, 2099 women 


Current smoker 

2.3 



USA 



Cigarette s/day 




1962-87 



1-19 

1.3 






20-39 

2.0 




Fable 2-1.1.] 

(contd) 






Reference 

Subjects 

Number 

Smoking categories 

Relative risk 

95% Cl 

Comments 

Country and years 

of cases 




of follow-up 









17 

Women 







Nonsmoker 

0.2 






Current smoker 
Cigarettes/dny 

0.9 






1-19 

0.4 






20-39 

1.3 






*■ 40 

2.0 






Current smoker 

Relative risk 






Men 

4.1 

1.6-10.3 





Women 

5.3 

1.7-16.4 


El lard et al. 

Dutch Study over 

47 

Current smoker 

6.3 

3.5-11.4 


(1995) 

26 000 women 


Cigarettes/d ay 


The Netherlands 


4 

< 10 

1.3 

0.4-4.2 


1974-88 


29 

10-20 

9.7 

4.9-19.5 




14 

V 

w 

c 

9.4 

3,9-22.5 


Kark et al. (1 995) 
Israel 

Israel Civil Service 
Centre Study 

153 

Former smoker 

1.5 

0.7-3.2 

Adjusted for age. city of employment 
and body mass index 

1963-86 

9975 men 


Cigarettes/day 






1-J0 

1.6 

0.8-3.4 





11-20 

5.1 

2.8-9.3 





> 20 

10.0 

5.7-17.5 


McLaughlin et al. 

US Veterans' Study 

5097 





(1995) 

293 958 men 


Former smoker 

3.6 

3.1—4.1 


USA 



Ever smoker 

8.4 

7.5-9.4 


1954-80 



Current smoker 
Cigarettes/day 

1 1.6 

10.4-13.0 





1-9 

3.7 

3.1-4.5 





10-20 

9.9 

8,8-1 1.2 





31-39 [sic] 

16.9 

15.0-19.0 





>40 

22.9 

19.8-26.6 

p for trend < 0.01 


3006392082 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of coses 

Smoking categories 

Relative risk 

95% Cl 

Comments 


Engeland el at. 

Norwegian Cohort 

Men 




Adjusted for age at start, cigEircttc 



Study 

48 

Former smoker 

1.3 

0.8—2.2 

type, pipe smoking and urbuit/rural 



11 857 men, 14 269 


Cigarettes/day 





1 96b—93 

women 

28 

1-4 

1.4 

0.6-3.7 





49 

5-9 

4,1 

1.7-10 





97 

10-14 

7.0 

2.9-17 


_ 



27 

15-19 

11.0 

4.2-28 


> 



57 

£20 

15.0 

6.1-37 


O 




Age at start (years) 




s 



173 

< 20 

1.0 

- 


§ 



50 

20-29 

0.5 

0.4—0.7 


O 



17 

£ 30 

0.6 

0.3—0.9 


Q 



Women 

C igacettes/day 




S- 



12 

1—4 

12 

4.5-32 


3 



20 

5-9 

12 

4.4-30 


On 



24 

10-14 

24 

9.5-59 


< 



9 

£ 15 

26 

9.2-73 


r- 




Age at start (years) 



Adjusted for daily number of 

c, 

2 



18 

<20 

1.0 

— 

cigarettes 

m 



36 

20-29 

0.6 

0.1-0.3 


£3 



10 

£ 30 

0.1 

0.0-0.3 



Murat a etui. 

Chiba Centre 


Cigarettes/day 






Association Study 

9 

1-10 

1.4 




Japan 

17 200 men 

47 

11-20 

3.6 

p <■ 0,01 



1 984-93 


20 

£21 

4.6 

P < 0.01 

p for trend < 0.0! 


Yuan c( at. (1996) 

Shanghai Men's Study 

142 




Adjusted forage 


China 

18 244 men 


Ever smoker 

6.5 




1986-93 



Cigarettes/day 








< 20 

3.6 







£20 

9.4 







Table 2.1.1,1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Chen et at. (1997) 

China 

1972-93 

Shanghai Factory Study 
9351 persons 

97 

Lant et at. (1997) 
China 
l976-96 

-Xi ’an Factory Study 

1124 men. 572 women 

5 

Liaw & Chen 
(1998) 

China, Province 
of Taiwan 

1982-94 

Taiwanese Study 

11 096 men. 3301 
women 

105 

22 

Tulinius et al. 

(1997) 

Iceland 

1968-95 

Reykjavik Study 

J 1 366 men, 1 1 580 
women 

273 


199 


Wald & Wait 
(1 997) 

United Kingdom 
1975-93 


British United 
Provident Association 
(BUPA) Study 
21 520 men 


77 


Smoking categories 


Relati ve risk 95% C1 


Current smoker 

3-8 

n < 0.001 

Cigarettes/day 

1-19 

2.8 

p < 0.01 

£20 

5.4 

p < 0.001 

Women 

Ever smoker 

1.8 

0.1-18.1 

Current smoker 

Men 

3.7 

2.1-6.6 

Women 

3.6 

1.0-12.2 


Men 

Former smoker 

2.9 

1.5-5.7 

Cigarettes/day 

1-14 

6.5 

3 3-13.0 

15-24 

13.5 

7.8-25.6 

£ 25 

28.7 

14.9-55.1 

Women 

Former smoker 

3.7 

1.7-8.1 

Cigarettes/day 

1-14 

9.4 

5.0-17.7 

15-24 

30.7 

16.8-56.0 

>25 

44.1 

21. l-9t.K 

Current smoker 

16.4 

7.55-44.2 


Comments 


Adjusted for age. systolic blood 
pressure, serum cholesterol, alcohol 
drinking (yes/no) and factory 
p for trend < 0.001 

Analysis for women only since none 
of the male cases were nonsmokers. 

Ajusted for Age and sex 


Adjusted for age 


Adjusted for age at entry 


O 

o 

o 

o 


c n 


o 

£ 


3006392083 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.1.1 (colltd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 

of cases 

Smoking categories 

Relative risk 95% Cl 

Com ments 

Gao et al. (1999) 

Shanghai Residential 


Men 


*CI does not 


China 

Study 


Urban 

5.6’ 

include 1.0 

smoking and age at start for men and 


2 13 800 men and 


Suburban 

2.9 ' 




women 


Rural 

3.3* 






Women (urban) 

4.8* 



Jacobs et ul. 

Seven-Country Study 



Mortality rate 

25-year mortality rate per 10O0 men-, 


12 763 men 

24 

Nonsmoker 

1.1 


adjusted fur uge and cohort 

25 years 



Current smoker 







Cigarettes/day 






8 


0.7 





29 

5-9 

2.6 

p < 0.05 




168 

10-19 

4.8 

p <0.001 




142 

20-29 

6.0 

p< o.ooi 




22 

5 30 

6.1 

p <0,001 


Nordlund el al. 

Swedish Census Study 

Men 





(1999) 

15 881 men. 25 829 

16 

Former smoker 

1.3 

0.7-2.3 


Sweden 

women 

18 

Occasional smoker 

1.6 

0.8—2.9 


1963-89 


135 

Current smoker 

8.4 

5.5-12.9 





Pack—years 






5 

< 5 

1.6 

0.6—4.3 




25 

6-15 

4.4 

2.5—7.7 




33 

16-25 

14.2 

8.3-24.3 




72 

£26 

17.9 

11.1-28.8 

p for trend < 0.001 




Age at start (years) 






4 

> 24 

L.O 





29 

20-23 

2.2 

0.7-6.3 




102 

< 19 

3.1 

1.1-8-7 

p for trend « 0.005 








Table 2.1.1.1 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 



Women 

3 

5 

59 

15 

27 

11 

6 

Former smoker 

Occasional smoker 
Current smoker 

Pack—years 
< 5 

6-15 

16-25 

2 26 



22 

15 

22 

Age at start (years) 

>24 

20-23 
< 19 

Prescott et al. 
(1999) 

Denmark 

1964-94 

Copenhagen City Heart 
Study 

17 699 men. 13 525 

women 

480 

Men 

Former smoker 

Non-inhaling smoker 

Tobacco/day (g) 

1-14 

15-24 
> 24 



194 

Women 


Former smoker 
Non-inhaling smoker 
Tobacco/d ay (g) 

J —14 
IS 24 
>24 


Relative risk 

95% Cl 

Comments 


1.1 

0.3 -3.4 



0.6 

0.3-1.6 



4.7 

3.3—6.8 



2.1 

1.2-3 8 



6.3 

4.0-10 0 



10.3 

5.3-198 


3 

t6.5 

7,0-38.5 

p for trend ■< 0.001 

CO 




> 




o 

1.0 

_ 


Q 

1 6 

0.8-3.2 


O 

2,3 

1 .2—1.4 

p for trend = 0.013 

2 



Adjusted for age 

o 

5.4 

2.4-12.3 



7.6 

3.3-17.3 



12.1 

5.3-27.4 



20.9 

9 J—47 .0 



25.9 

M.4-5 9.0 



2.9 

1.5-5.7 



3.3 

1.8 6.3 



10.2 

5.7-18.3 



13.7 

7.5-24.8 



18.8 

8.7-40.5 




3006392084 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.1.1 (contd) 


Reference 

Country and years 
_ of follow-up 

Subjects 

Number 
ofcases 

Smoking categories 

Relative risk 

95% Cl 

Comments 

Speizer et'al. 
(1999) 

USA 

1976-92 

Nurses' Health Study 
121 700 women 


Age at start (years) 

>21 

18-19 
< 18 

a. 8 

1.0 

1.1 

0.6—1.1 

0.9-1.5 

Adjusted for age and number of 
cigarettes per day 

p for trend < 0.0001 for number of 
cigarettes smoked per day f 1—4, 5—14, 
15—24, 2S—34, > 35 cigarettes /day) 
[categories for age at start are not 
comprehensive] 


Table 2.1.1.2. Cohort studies on tobacco smoking and lung cancer: smoking cessation 


Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Cederldf el al. 

Swedish Census Study 

7 

Nonsmoker 

1.0 



(1975) 

25 444 men 


Years since quitting 




Sweden 


12 

< 10 

6. L 



1963—72 


3 

> 10 

1.1 



Rogot &. Murray 

US Veterans’ Study 


Years since quitting 

SMR 


Standardized mortality ratio, using 

(1 980) 

293 958 men 

2609 

Current smoker 

11-3 


nonsmokers as the reference group 

USA, 1954-69 


47 

<5 

18.8 


'Values estimated from graph 



86 

5-9 

-7.S T 





100 

10-14 

-5.0 + 





115 

15-19 

~5.0 T 





123 

>20 

2.1 



-Garfinkel & 

Cancer Prevention 


Years since quitting 

SMR 


Standardized mortality ratios based 

Stellman (1988) 

Study II 


Former smokers of 



on age-specific rates in nonsmokers 

U S A 

6l9 925 women 


1-20 cigarettes/day 



within cohort; analysis for women 



335 

Current smoker 

10.3 


stratified by history of heart disease. 



52 

<2 

13.6 


stroke or cancer 



33 

3-5 

8.4 





20 

6-10 

3.3 





21 

11-15 

3.0 





41 

> 16 

1.6 






Former smokers of 







^21 cigarettes/day 






195 

Current smoker 

21.2 





39 

<2 

32.4 





23 

3-5 

20.3 





17 

6-10 

11.4 





6 

11-15 

4.1 





9 

> 16 

4.0 




3006392085 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.2 (contd) 


Reference 

Country and years 
of follow-up 

Subjects 

Number 

of cases 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Chyou et ai. 

American Men of 


Former smoker (pack-years! 




(1993) 

Japanese Ancestry 

14 

-r 25 

2.2 

1.1-4.8 


USA 

Study 

to 

25-49.9 

3.1 

1.4—7.1 


1965—90 

7961 men . 

8 

> 50 

6.3 

2.6-15-3 

p for trend = 0.0002 

Tverdal et al. 

Norwegian 1 Screening 

Men 

Years since quitting 



Annual mortality rate per 100 000 

(1993) 

Study 

I 

< 3 months 

11.9 


persons; adjusted for age and area 

Norway 

44 290 men, 24 535 

1 

3—12 months 

8.2 



J 972-88 

women 

5 

]—5 years 

9.9 





4 

'•> 5 years 

4.7 



Ben-Shlomo et al. 

Whitehall Study 


Years since quilting 



Rate ratios adjusted for age and civil 


19 018 men 

14 

1-9 

8.7 

4.0—18.9 

service employment grade 

United Kingdom 


23 

10- 19 

4.1 

2.0—8.2 


1967-87 


15 

20-29 

2.6 

1.2-5.5 




6 

> 30 

1.0 

0.3-3.1 





per 10 years 

0.5 

0.4—0.7 





Cigarette s/day 






3 

1-9 

0.8 

0.2-2.8 




10 

10-19 

l.S 

0.6—3.6 




26 

20—29 

4.6 

2.2—9.5 




19 

£ 30 

6.7 

3.1-14.3 





per 10 cigarettes 

1.4 

1.2-1.6 





Duration (years) 






2 

0-9 

0.8 

0.2-3.4 




5 

10-19 

1.3 

0.7-2.2 




18 

20-29 

3.1 

1.5-6.8 . 




33 

S 30 

5.1 

2.5-10.3 





per 10 years 

1.7 

1.3-2.1 



Table 2.1.1.2 (contd) 

Reference 

Country and years 
of follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Jacobs et al. 

Seven-Country Study 


Years since quitting 



25-year mortality rate per 1000 men; 

(1999) 

1 2 763 men 

1 1 

< 1 

3.4 


adjusted for age and cohort 

25 years 


19 

1-9 

1.6 





5 

> 10 

0.2 

p < 0.05 


Speizer et a!. 

Nurses’ Health Study 


Years since quitting 



Adjusted for age, 2-year follow-up 


I 2 1 700 women 

391 

Current smoker 

1.0 

— 

interval and age al start 

USA 


24 

< 2 

0.4 

0.2—0.7 


1976—92 


34 


0.6 

0.4-1.0 




41 

5-9.9 

0.6 

0.4—0.9 




17 

10-14.9 

0.1 

0.1-0.3 




28 

> 15 

0.1 

0.1—0.2 



\o 


3006392086 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.I.I.3. Cohort studies on tobacco smoking and lung cancer: tobacco type 


Reference 

Country and years of 
follow-up 

Subjects 

Number 
of cases 

Smoking categories 

Relative 

risk 

95% CL 

Garfinkel & Stellman 

Cancer Prevention 





(1988) 

Study 11 

25 

Non-inhaler 



USA 

619 925 women 

72 

Slight 

15.2 




252 

Moderate 

18.5 




84 

Deep 

31.9 


Sidney era/. (1993) 

Kaiser Permanente 

Men 

Tar content (mg/cigarette) 



USA 

Medical Care 

14 

< 11 



1979-87 

Program Study II 

39 

1 J —1 8 

1.3 

0.7 2.4 


34 975 men, 44 971 

29 

>■ 18 

1.3 

0.7—2.4 


women 

Women 






29 

c 1 1 

1.0 




34 

11-18 

0.9 

0.6-1.6 



13 

5- 18 

0.7 

0.3-1.3 

Nordlund et al. (1999) 

Swedish Census 

Men 




Sweden 

Study 

4 

Non c/'s light 

1.0 



15 881 men, 25 829 

131 

Moderate/deep 

l.fi 

0.6—4.4 


women 







Women 

Inhalation 





4 

None/slight 

1.0 

_ 

-- 


55 

Moderatc/decp 

2.1 

0.7-5.9 


Comments 


Standardized mortality ratios 
based on age-specific rates in 
nonsmokers within cohort; 
analysis restricted to women 

with no history of chronic illness 
Adjusted Tpr age, race, 
education, cigarettes/day and 
duration of smoking 


> 

O 


S 

o 

z 

o 

o 

> 


§ 


Table 2.1.1.4. 

Case—control studies on 

tobacco smoking and lung cancer: main characteristics of study design 

Reference 

Country 

Study years 

No. of case s/con iro Is 

No. of nonsmokers 
(cases/controls) 

Source of cases and 
controls 

Comments 

Damber & 

Lars son (1986) 

Sweden 

1972—77 

Men: 579 deceased/ 

572 deceased/447 alive 

42/208/171 

Cases: P (deaths) 
Control 1: P (deaths) 
Control 2: P (alive) 

Matched On sex. age, 
municipality, year of death or 
year of birth for living controls 

Paihak et al. 

USA, Mew 

Jan. 1980— 

Men: 311/493 

9/125 

Cases: P 

Frequency-matched for sex, age 

(1986) 

Mexico 

Aug. 1983 

Women: 158/271 

19/160 

Controls: P 

and ethnicity 

Benhamou et al. 
(1987) 

France 

1976-80 

Women: 96/192 

50/159 

Cases: H 

Controls: H 

Matched on age, sex, hospital 
and interviewer 

Gao et at. 

China. Shanghai 

Feb 19R4— 

Men: 733/760 

62/202 

Cases: P 

Frequency-matched on age to 

(1988) 


Feb. 1986 

Women: 672/735 

435/605 

Controls: P 

the Cancer Registry distribution 
of lung cancer cases 

Higgins & 
Wyndcr (1988) 

USA, 6 cities 

1977-84 

Men: 2085/3948 

Women: 1012/1891 

64/918 

125/991 

Cases: H 

Controls: H 

Crude odds ratios 

Wilcox et al. 
(1988) 

USA, New 

Jersey 

1980-8 l 

Men: 763/900 

13/142 

Cases: P 

Controls: P 

Analysis includes 373 cases and 
247 controls who smoked 
during 1973-80 

Senhamou at al. 
(1989) 

France 

1976-80 

Men: 1057/1503 

Smokers only 

Casas: H 

Controls: H 

Further analysis of data already 
included in 1ARC (1986) 

Kaufman et al. 
(1989) 

USA, Canada 

Nov. 1981- 
Junc 1986 

Men: 534/998 

Women: 347/1572 

Sexes combined 35/925 

Cases: H 

Controls: H 


Schoenberg 
et al. (1989) 

USA, New 

Jersey 

Aug. 1982- 
Sept. 1983 

Women: 994/995 

119/497 

Cases: P 

Controls: P 

Matched on race, age for living 
cases and date of death for 
deceased cases 

Svcnsscm et aU 
(1989) 

Sweden, 

Stockholm 

1983-86 

Women: 210/209 

38/120 

Cases: multi centric H 
Controls: P 

Matched on day of birth 

Xu et al. (1 989) 

China, 

Sept. 1985- 

Men: 729/788 

102/355 

Cases: H 

Frequency-matched to expected 


Shenyang, 

Liaoning 

Sept. 1987 

Women: 520/557 

156/362 

Controls: P 

age and sex distribution of 


o 

ro 

> 

n 

n 

o 


oo 


O 

7^ 

m 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.1.4 (contd) 


VO 

o\ 


Reference 

Country 

Study years 

No. of cases/control: 

Jedrychowski 
et al (1990} 

.Poland, Cracow 

Jan. 1980- 
Dec. 1985 

Men: 901/875 
Women: 198/198 

Wu-Williams 
etQl (1990) 

China, Harbin 
and Shenyang 

1985-8? 

Women: 964/959 

Becher et al. 
(1991) 

Germany 

1985-86 

Men; 146/146/146 
Women: 48/48/48 

Hebert & Rabat 
(1991) 

USA 

Not stated 

Men: 812/1719 
Women: 568/1238 

Holowaty et al. 
(1991) 

Canada, 

Ontario, 

Niagara 

Jan. 1983- 

March 1 985 

Women: 51/45 

Rabat & Hebert 
(1991) 

USA, 4 cities 

1985-90 

Men: 5 88/914 

Women: 456/410 

Katsouyaimi 
et al. (1991) 

Greece, Athens 

18 mb. 1987- 
89 

Women; 101/89 

Liu et al. (199]) 

China, Xuanwei 

Nov. 1985- 
Dec. 1986 

Men: 56/224 

Women: 54/202 

Marabia & 
Wynder (1991) 

USA 

1985-90 

Men; 851/888 
Women: 507/608 

Osatin (1991) 

USA, California 

1969-77 

Women: 2 17/203 


No. of nonsmokers 
(cases/controls) 

Source of cases and 
controls 

Comments 

49/219 

Cases; P 

Matched on age, date of death; 

78/166 

Controls: P (death 

controls excluding respiratory 


certificates) 

diseases 

415/60! 

Cases: 70 H 

• Frequency-matched to the 


Controls: P 

expected age distribution of the 
cases 

3/32/22 

Cases: H 

Matched On sex and age 

10/31/21 

Control 1: H/ 
control 2: P 

88/853 

Cases: H 

Matched on sex, age. hospital 

97/868 

Controls: H 

and time of interview 

5/27 

Cases: H 

Matched on age and 


Controls: P 

municipality 

Current smokers only 

Cases; H 



Controls: H 

Matched on age, sex, race, 
hospital and date of interview 

48/67 

Cases: H 

Controls: H 


Both sexes combined: 

Cases: H 

Restricted to farmers 

4/52 

Controls: P 

Matched on age, sex, 
occupation and residence 

Not given 

Cases: H 

Matched by age, hospital ar>d 


Controls: H 

date of admission 

33/109 

Cases; H 

Nested case—control study 


Controls: H 

Matched on year of birth, race 
and date of first check-up 


Table 2.1.1.4 (contd) __ 

Reference Country Study years No. of cases/controls No. of nonsmokers Source of cases and Comments 

(eases/controls) controls 


Not applicable Cases: P Excludes current smokers 

Controls; P 


Alavanja et al. 

(1992) 

USA, Missouri 

June 1 986— 

April 1991 

Women: 

Never smoked 432/1169; 
Former smokers 1 86/234 

Falk et al. 

(1992) 

USA, Louisiana 

1979-82 

Both sexes combined: 
21/101 

.ledrychowski 

et al. (1992) 

Poland, Cracow 

Jan. 1986- 
Dec. 1987 

Men; 627/1343 

Jfickel et aL 
(1992) 

Germany, 

5 cities, 

7 hospitals 

Not stated 

Men: 146/146/146 
Women: 48/48/48 

|ju (1992) 

China: Beijing, 

Shenyang, 

Harbin, 

Shanghai, 

Nanjing, 

Shengzou, 

Taiyuan, 

Nanchang 

1984—89 

Both sexes combined: 

4081/4338 

Litbin et al. 

(1992) 

China, Yunnan, 

Gejiu 

1984-88 

Men; 427/101 t 

Morabia & 
Wynder (1^92) 

USA 

1977-89 

Both sexes combined; 
87/286 non-cancer/ 

297 cancer 

Zang & Wynder 
(1992) 

USA 

1981-88 

Men: 1380/2828 

Women: 916/1839 


3/31 

Cases: H 

Controls: H 

Only bronchioloalveolar 
carcinomas. Matched by 
hospital, race, sex and age (5:1) 

16/289 

Cases: P 

Controls: P (death 

certificates) 

Interviews with next-of-kin: 
matched on sex, age and date of 
death 

3/32/22 

10/31/21 

Cases: H 

Controls; H/P 

Matched by sex and age 

1 151/1979 

Cases: P (7 studies)/H 
(1 study) 

Controls: P (7 studies)/ 
H < 1 study) 

Combined analysis of 8 studies; 
matched on age and sex 

9/72 

Cases: P 

Controls: P 

Matched on age; city residents 

and Yunnan Tin Corporation 
workers 

15/97 non-cancer/122 
cancer 

Cases; H 

Controls: H 

Only bronchioloalveolar 
carcinomas. Matched on sex, 
race, age, hospital, date of 
interview 

51/820 

83 /899 

Cases: H 

Controls: H 

Matched by age, sex, race and 
time of admission 


3006392088 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


FARC MONOGRAPHS VOLUME 83 TOBACCO SMOKE 




Table 2.1.1.4 (contd) 


Reference 

Country 

Study years 

No. of cases/con trols 

No. Of nonsmokers 
(cases/concrols) 

Source of cases and 
controls 

Comments 

Gao el al. 

Japan, Nagoya 

Jin. 1988- 

Men: 282/282 

13/56 

Cases: H 




June 1991 



Controls: H 

first visit to the hospital 

Gist rtat. (1993) 

China, Province 

May 1990- 

Men: 92/184/184 

Both sexes combined: 

Ca$es: H 



of Taiwan 

July 1991 

Women: 39/78/78 

48/111/118 

Controls: H/ 
neighbourhood 

interview and insurance status 
(H); age, sex and residence 
(neighbourhood) 

Harrijs et al. 

USA 

1980-90 

Men: 


Cases: H 

Controls matched by sex, race. 




white 2678/2445 

black 238/169 

Women; 
white 1394/1418 
black 113/139 

83/581 

4/36 

145/776 

14/80 

Controls: H 

age and year of interview 

negmaiui et ul. 

USA, Utah 

Oct. 1989- 

Men: 182/2195 

Both Sexes combined: 

Cases: P (cancer 




May 1991 

Women: 100/1087 

27/2080 

registry) 

Controls: P 

sex 

Liu et al. (1993) 

China 

June 1983- 
June 1984 

Men: 224/224 

Women: 92/96 

12/44 

38/69 

Cases: H 

Controls: H 

Individually matched on age, 
sex, residence and date of 
diagnosis/liospital admission 

Osann et al. 

USA, Orange 

Jan.1984— 

Men: 1153/1851 

45/833 

Cases: bf 



County 

Dec. J9£6 

Women: 833/1656 

96/1093 

Controls: H 

records 

Pezzotto el al. 
(1993) 

Argentina, 

Rosario 

1987-91 

Men: 215/433 

4/116 

Cases: K 

Controls: H 

Matched on age 

Risch et al. 

Canada 

Jan. 1981- 

Men: 403/362 

12/85 

Cases; H 




March 1985 

Women : 442 /410 

52/214 

Controls: P 

cases; controls matched on sex, 
residence and age 

Agudo el al. 

(1994) 

Spain 

1989-92 

Women: 103/206 

80/183 

Cases: H 

Controls: H 

Matched for age at diagnosis, 
hospital and interviewer 


Table 2.1.1.4 (contd) 


Reference 

Country 

Study years 

No. of cases/controls 

Benhamou & 
Benhamou 

0 994) 

France 

J976-80 

Men: 1334/2409 

Women: 96/192 

Benhamou et ul. 
(1994) 

France 

1976—SO 

Men: 11 14/1466 

De Stcfani et al. 
(1994) 

Uruguay, 

Montevideo 

Jan. 1989- 
Dec. 1992 

Men: 476/561 

Miller et al. 
(1994) 

USA, Erie 
County, PA 

' 1972-76, 

1979-84 

Women: 168/5235 

Sa nk an ara ya n an 
etui. (1994) 

India, 

Trivandrum 

3 990 

Men: 281/1207 

Shimizu et al. 
(1994) 

Japan, Tokyo 

1973-91 

Men: 413/82 

Women: 192/101 

Sobue et al. 
(1994) 

Japan, Osaka 

Jan. 1986- 
Dec. 1988 

Men: 1082/1 141 

Women: 294/1089 

Suzuki et al. 

Rio de Janeiro, 

Aug. 1991— 

Men: 99/99 

(1994) 

Brazil 

Feb. 1992 

Women: 24/24 

Alavanja et al. 

0 995) 

USA, Missouri 

1986-92 

Women: 

lifetime nonsmokers. 

432/1168 

long-term Former smokers, 

1 86/234 

StSrtiiatycki 
et al. (1995) 

Canada 

Sept. 1979- 
June 1985 

Men: 857/533 

De Stefani et al. 

Uruguay, 

May 1994- 

Men: 307/307 

< 1 996a) 

Montevideo 

Dec. 1995 

Women: 13/13 


No. of non smokers 
(cas e s/con tro 1 s) 

Source of cases and 
controls 

Comments 

36/650 

Cases: H 

Matched on age, sex, hospital 

50/159 

Controls: H 

and interviewer 

Only lifelong smokers 

Cases: H 

Controls: H 


Only formcr and current 

Cases; H 


smokers 

Controls: H 


28/3638 

Cases: P 

Nested in a retrospective 


Controls; P (deaths) 

population study 

28/767 

Cases: H 

Controls: visitors and 
patients' bystanders 


37/65 

Cases: H 

Information from hospital 

43/2] 

Controls: H 

records; controls were patients 

with metastatic lung cancer 

34/128 

Cases: H 

Methods for selection of 

167/857 

Controls: H 

controls not stated 

Both sexes combined: 

Cases: H 

Matched on age, sex and race 

1 1/55 

Controls: H 

Not applicable 

Cases: P 

Excludes current smokers 


Controls: P 

A cancer group was also used 

as control, but data are not 
shown in tables 

13/105 

Coses: H 

Age-stratified, mulched to age 


Controls: P 

distribution of cases 

Both sexes combined: 

Cases: H 

Frequency-matched cm age and 

20/108 

Controls; HI 

residence (urban/rural) 


3006392089 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.4 (coittd) 


Reference 

Country 

Study years 

No. of cases/controts 

No. of nonsmokers 
(cases/con tro) s) 

Source of cases and 
controls 

Comments 

De Stefani at al. 
(1996b) 

Uruguay, 

Montevideo 

Jan. 1988- 
Dec. 1994 

Men; 497(497 

27/163 

Cases: H 

Controls: H 

Matched on sex, age and 
residence 

Du et at. (1996) 

China. 

Guangzhou 

1985 

Men: 566/566 

Women: 283/283 

Not given 

Cases and controls: 
death registry 

Review of published studies, 
with some updated data 

Matched on age, sex, race, 
hospital and dale of admission 

Kabat (1996) 

USA 

1969-91 

Both sexes combined: 
7553/17 992 

Men: 2085/3951 

Women: 1012/1891 

Cases: H 

Controls: H 

Matched on age, sex, race, 
hospital and date of admission 

Lei et al. (1996) 

China, 

Guangzhou 

1986 

Men: 563/563 

Women: 229/229 

41/123 

85/147 

Cases; P 

Controls: P 

Matched on sex and closest 
birth date 

Luo et al. 

(1996) 

China, Fuzhou 

1990-91 
(1.5 years) 

Both sexes combined: 
102/306 

37/160 

Cases: H 

Controls: P 

Frequency-matched by age and 
sex 

Ry lander et al. 
(1996) 

Sweden 

Jan. 1989- 
Junc 1993 

Men: 308/644 

16/160 

Cases: H 

Controls: P 

Matched by closest birth date, 
sex and residence 

Shcn et al. 

(1996) 

China, Nanjing 

1986-93 

Both sexes combined: 
163/163 

No data 

Cases: H 

Controls: P 

Matched on age, sex, 
nationality and street of 
residence 

Wang et al. 

China, 

1 990-93 

Men: 291/291 

29/no data 

Cases: H 

Matched on sex, residence,. 

(1996) 

Guangzhou, 

Guangdong 


Women: 99/99 

82/no data 

Controls: H 

education and age 

Xu et al. (1996) 

China, 

Shenyang, 

Liaoning 

Sept. 1985- 
Sept. [987 

Men: 729/788 

Women: 520/577 

No data 

Cases: P 

Controls: P 

*Age and sex distribution of 
controls closely matched those 
of cases’ 

Yu & Zhao 

China 

1981-90 

Both sexes combined: 

1766/2644 

Meta-aruilysis 

Matched on age, sex and 

(1996) 



5703/5669 


15 studies 

residence 


Table 2.1.1.4 (contd) 







Reference 

Country 

Study years 

No. of cases/con tro Is 

No. of nonsmokers 
(cases/controls) 

Source of cases and 
controls 

Comments 

Zang & Wynder 
(1996) 

USA 

1981-94 

Men: 1 108/1122 

Women: 781/948 

Men 

see 

AC 

SCLC 

Controls 

Women 

see 

AC 

SCLC 

Controls 

[2.3%') 

[in.o% f ] 

[0.0%U 

[52.6% f ] 

[7.3%'J 

[15.1%'] 

[2.1 %’J 
[71.0%'] 

Cases: H 

Controls: H 

Individually matched by age, 
sex, hospital and time of 
admission 

of nonsmokers fc»r each 
histological lype of lung cancer 
and a /a of nonsmoking controls 

Barbone et al. 
(1997) 

Italy. Trieste 

1979-81; 

(985-86 

Men* 755/755 

22/188 


Cases and controls: 
autopsies 

Matched on age and period of 
death 

Dosemeci et al- 
(1997) 

Turkey, Istanbul 

1979-84 

Men: 1210/829 

142/293 


Cases: H 

Controls: H 

Matched by sex. age (within 5 
years) and area of residence 

Hu etal. (1997) 

China, 

Heilongjiang 

May 1985- 
April1987 

Men: 161/161 

Women; 66/66 

41/40 

67/48 


Cases: H 

Controls: H 

Only large-cell cancer 

Muscat et at. 
(1991) 

USA 

1980-95 

Men: 228/2545 

Women: 154/1715 

7/650 

13/936 


Cases: H 

Controls: H 

Only large-cell carcinoma 
Frequency-matched by age, sex, 
hospital and dale of interview 

Pawlega et al. 

(1997) 

Poland, Cracow 

Jan.1992- 
Dec. 1994 

Men: 176/341 

4/92 


Cases: P 

Controls: P 

Matched by age 

Pohlabeln et al. 

(1997) 

Germany, 

Bremen, 

Frankfurt 

1988-93 

Men; 839/839 

1 8/1 38 


Cases: H 

Controls: P 

Matched forage, sex and region 

Rachran Sc 
Sokolowski 
<1997) 

Poland. Cracow 

March 1991- 
June 1994 

Women: 1 18/141 

33/98 


Cases: H 

Controls: H 

Controls were next of kin of 
patients with diseased Unrelated 
to smoking 


3006392090 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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TabJe 2.1.1.4 (contd) 


Reference Country Study years No. of cases/controls No. of nonsmokers Source of cases arul Comments 

(cases/controls) controls 


Schwartz & 
Swanson (1997) 

USA, Detroit, 
Michigan 

Nov. 1984- 
June 1 987 

Men: 

white: 2767/1395 

African American: 9 1 3/379 

Women: 

white 1533/1492 

African American: 375/426 

Stellman et al. 
(1997a) 

USA 

1997-95 

Men: 1442/876 

Women: 850/467 

Stellman a al. 
(1997b) 

USA 

1997-95 

Men: 1366 SCC/ 

1332 AC/3442 controls 
Women: 431 SC C/982 AC/ 
2190 controls 

Wakai et al. 
(1997) 

Japan, Okinawa 

Jan.1998- 
Nov. 1991 

Men: 245/490 

Women: 88/176 

JOckel 4 ttcil. 
(1998) 

Germany, 

Bremen, 

Frankfurt 

1989-93 

Men: 839/839 

Women: 165/165 

Khuder et al. 
(1998) 

USA, 

Philadelphia 

1985-87 

Men: 482/1094 

Kreuzer et at. 
(1998) 

Germany 

1990-96 

Men: 

young: 183/200 


older: 1709/1761 
Women: 
young: 68/80 
Older: 300/278 


Cases: P African Americans compared 


119/376 

50/104 

Controls: P 

with whites 

1 82/855 

40/247 



Only current smokers 

Cases: H 

Controls: H 

Frequency-matched on age, sex, 
hospital and date of admission 

Men: 

SCC 2% r 

AC 5.4% T 

Women 

SCC 6% f 

AC 1 5% * 

Controls: No data 

Cases: H 

Controls: H 

Frequency-matched on age, sex, 
hospital and date of admission 
T % of nonsmokers for each 
histological type of lung cancer 

10/65 

50/145 

Cases: H 

Controls: P 

Maiched by sex, region and 
age; nonsmokers included 
occasional smokers 

18/138 

53/98 

Cases: H 

Controls: P 

Adjusted for age, region and 
exposure to asbestos 

23/309 

Cases: H 

Controls: P 

Matched by race and age 

6/54 

22/403 

Cases: H 

Controls: P 

Cancer in young adults 
Frequency-matched on sex, age 
and region 

7/38 

95/177 




Table 2.1.1.4 (contd) 


Reference 

Country 

Study years 

No. of cases/controls 

No. of nonsmokers 
(casea/eontrols) 

Source of cases and 
controls 

Comments 

Liu ex al. (1998) 

China, 

24 urban, 

74 rural areas 

1989-91 

Men, u rban 16 317/30 709 
Men, rural 38 82/22 046 
Women, urban 7300/21 171 
Women, rural 1530/13 389 

13440/18544 
3219/14208 

3080/3124 

325/1 191 

Cases: P 

Controls: P (deaths) 

Proportional mortality study 

Matos et al. 
(1998) 

Argentina, 
Buenos Aires 

March 1994- 
March 1996 

Men: 200/39? 

1I/I10 

Cases: H 

Controls: H 

Matched for age, sex and 
hospital 

Wujisch-FHho 
etui. (1998) 

Brazil, 

S3o Paolo 

July 1990- 
June 1991 

Men: 307/546 

Women: 91/314 

14/99 

29/208 

Cases: H 

Controls: H 

Matched on age, hospital and 
sex 

Armadans-Gd 
et at. (1999) 

Spain 

1986-90 

Men: 325/325 

4/64 

Cases: H 

Controls: H 

Matched on age 

Carpenter et al. 
(1999) 

USA, Los 
Angeles County 

Sept. 1990- 
Jan. 1994 

Men: 202/349 

Women: 135/129 

Smokers only 

Cases: H 

Controls; P 


Mzileni et al. 
(1999) 

South Africa 

l993-95 

Men: 288/183 

Women: 60/197 

34/l03 

32/190 

Cases: H 

Controls: H 

Only 61 % of the lung cancers 
diagnoses were confirmed 

Tousey et al. 

(1999) 

USA, Florida 

1993-96 

Men: 301/567 

Women: 206/440 

4/130 

1 3/226 

Cases: P 

Controls: P 

Frequency-matched on age, 
race and sex distribution 

Agudo et al. 
(2000) 

Germany, 

France, Italy, 
Spain, United 
Kingdom 

1988-94 

Women: 1556/2450 

441/1337 

Cases; If 

Controls: P or H. 
according to ccnLre 

Data included in llic study 
(mdllieentric) by Simonato 
era/. (2001) 

Dikshit. & 
Kanhere (2000) 

India, Bhopal 

Cases: 

1986-92 
Controls: 
1989-92 

Men: 163/260 

17/146 

Cases: P 

Controls: P 

Selected randomly according to 
age distribution of cases 

Kreuzer et al. 
(2000) 

Germany, Italy 

1988-94 

Men: 3723/4075 

Women: 900/1094 

81/1043 

286/715 

Cases; H 

Controls: P or H 
(1 centre) 

Frequency-matched on sex, age 
and area of residence or 
individually (( centre) 


3006392091 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.4 (contd) 


Reference 

Country 

Study years 

No. of cases/c cm trols 

No. of nortsmokers 
(cases/controls) 

Source of cases and 
controls 

Comments 

Sasco et al. 

Casablanca. 

Jan.1996- 

Men: 114/227 

Both sexes: 5/94 

Cases: H 

Matched ort age, sex and 

(2002) 

Morocco 

Jan. 1998 

Women: 4/8 


Controls: H 

residence 

Slellmnn et al. 
(2003) 

USA 

1984-98 

Men: 

white, 1710/4491 
black, 254/440 

Women: 

white, 1321/2862 
black, 163/358 

3.5%/29.8°/o 

2.4%/25.5% 

9.2%/50.5% 

6.8°/V49_7% 

Cases: H 

Controls; H 

Frequency-matched for sex, 
hospital and year of inlcrview 

Wang et al. 

China, Gansu 

Jon.1994- 

Men: 563/1232 

28/1 10 

Cases: P 

Matched on age. stratified on 

(2002) 


April 1998 

Women: 205/427 

1S1/385 

Controls: P 

sex and prefecture 

H, hospital; P, 

population; V, visitor; 

SCC, squamous- 

-cell carcinoma; AC, adenocarcinoma; SCLC, small-cell 

carcinoma 



Reference 

Subjects 

Average no. of 
ci garettes/day* 

Odds ratio 



Dainber <fe 

Men/Cl 

1-7 

2.3 



Larsson (1986) 


8-15 

7.3 





£ 16 

10.2 




Men/C2 

1-7 

2.3 





8-15 

7.0 





> 16 

18.2 



Pathak et al. 

Men < 65 

1-15 

16.2 



(1986) 

years 

16-20 

27.6 





21-30 

47.1 





>31 

89,3 




Men 2: 65 

1-15 

8,6 




years 

16-20 

12,3 





21-30 

22.9 





>31 

24.3 



Benhamou et aL 

Women 

< 10 

0.6 



(1987) 


10-19 

0.9 





> 20 

4.8 



Ga o et al. 

Men 


Duration tvears) 1-29 

_30^19 ,_ 

£ 40 



1-19 

0.9 

3.2 

3.8 



20-29 

2.1 

7.1 

7.2 



> 30 

3.0 

10.8 

15.4 


Women 


<30 

>30 




< 10 

1.4 

2.4 




10-19 

2.6 

3.2 




> 20 

8.9 

14.2 


Benhamou et al. 

Men 

1-9 

1.0 



(1989) 


lO— L9 

2.4 





S: 20 

5.2 




Adjustments, comments 


Numbers not stated 
[figure] 


0 . 1 - 2.6 
0-2—4.4 
0.7-35.6 


Cl not provided 


\ .6—3.6 
3.5-7.6 


Reference level not stated; 
smoking includes any tobacco, 
Cl deceased. C2 alive; 
adjustment variables not 
stated 


Reference level, never- 
smoker; adjusted for sex and 
ethnicity 

p < 0.001 for linear trend 


p < 0.00 1 for linear trend 
Reference level, nonsmoker; 

matched analysis, adjusted for 

filter, duration, inhalation, age 
at starting smoking and type 
of tobacco 

Reference level, lifelong 
nonsmoker; adjusted for age 
and education 


Adjusted for age and duration 

of smoking 


3006392093 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.5 (contd) 


Reference Subjects Average no. of Odds ratio 

cigarettes/day® 


Lubin ci al. Men 16 

(1992) 7-14 

15—1 9 

£ 20 


0.7 

1.2 

6.5 

8.0 


Morabra & 

Men and 


Non-cancer control 

Wynder (1992) 

women 

1-19 

1.5 



20—29 

3.3* 



30-39 

4.1 * 



40-80 

5.0* 

Gao et al. (1993) 

Men 

1-19 

3.5 



20-29 

7.5 



£ 30 

10.6 

Liu c u al. (1993) 

Men 

Never-smoker 

1.0 



1-19 

1.2 



20-29 

7.1 



£30 

21.4 


Worn et» 

Never-smoker 

1.0 



1-9 

1 .8 



10-19 

3.5 



a 20 

17.9 

Pezzotto et al. 

Men 

<21 

1 .0 

(1993) 


21—40 

8.2 



> 40 

1 1.6 

Risch et al. 

Men 

1—29 pack—years 

5.2 

(1993) 


30-59 pack-years 

11.0 



3 60 pack-years 

22.6 


Worn en 

1-29 pack—years 

7.3 



30*59 pack—years 

26.7 



> 60 pack—years 

81.9 


Table 2.1.1 *5 (contd) 

Reference Subjects Average no. of Odds ratio 

cigarettes/day a 


Benhamou et al. 

Men 

i—14 

1.0 

(1994) 


1 5-20 

1.7 



> 20 

3.2 

De Stefani et al , 

Men 

Manufactured 


(1994) 


1-14 

1 .0 



15-20 

3.3 



21—40 

4.4 



>41 

1 1.9 



Hand rolled 




1-14 

1.0 



15-20 

1.9 



21—40 

2.4 



> 41 

4.1 

Sankanarayanan 

Men 

Puck—years 


et at. (1994) 


1-5 

1.7 



6-10 

3.7 



1 1-15 

7.7 



16-20 

9.3 



21-25 

21.7 



26-30 

35.8 



31-40 

44.2 



41-50 

57.5 



51-60 

71.6 



£ 61 

1 13.6 

Sobuc et al. 

Men 

1-19 

1.0 

(1994) 


20-29 

1.3 



£ 30 

1.7 

Suzuki et u{. 

Men and 

1—30 f 

1.0 

(1994) 

women 

3G“50' r 

2.2 



> 50 

7.4 


Cancer control 
1.9 
4.6* 
6.7* 
7.6* 


95% Cl Adjustments, commcuts 


Reference level, nonsmoker; 
adjusted for age. source of 
subject, type of respondent and 
yeais of work underground 

p for trend < 0.01 
Only broochioalveolar 
carcinoma; reference level, 
never-smoker; adjusted for age 
and sex 


1.6— 7.2 

3.7- 15.3 
5.1-22.2 


Reference level, nonsmoker; 
adjusted for age 


0.4-3.5 

2.6-19.5 

7.1-64.0 


Adjusted for education. 

occupation and living area; 
present and former smokers 
combined 


0,6-5.9 
l .2-9.8 
4.0-80.6 

p < 0.0001 
p<- 0.0001 

2.4- 11.5 

5.4- 22.3 
10.0-51.2 
4,1-13.0 
14.0-50.6 
25.3-267 


Adjusted for age. hospital and 
duration of smoking 

Reference level, never- 
smoker; adjusted for sex, age, 
residence and years since 
cessation 


95% Cl Adjustments, comments 


1 .4-2.1 

2.5^.n 

Adjusted for age and other 
smoking variables 

1.4—7.7 

1 .8-10.6 

3.7-38.6 

Smokers only; adjusted for 
age, residence, education and 

duration 

1.2-3.0 

1.5-3.9 

2.4—6.8 


0.8-3.8 
l .8-7.5 

3.9-15.2 

4.8- 17.9 

1 1.0-42.8 

16.8- 76.2 

23.9- 81.8 

25.2- 131.0 

29.3- 174.5 
35.2-303.3 

Reference level, never- 
smoker; crude odds ratios 

1 .0-1.8 

1.2—2.3 

Adjusted for duration, fraction 
smoked per cigarette, filter and 
inhalation 

0.9—5.0 

3.1-17 

Adjusted for age, sex and race, 
in a multivariate analysis 
excluding nonsmokers 
Overlapping, intervals 


3006392095 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.5 (contd) 


Reference 

Subjects 

Average no. of 
cigarettes/d ay* 

Odds ratio 




95% Cl 

Adjustments, comments 

Siemiatycki et al. 

Men 

Non smoker 

1.0 






Adjusted by age, ethnic group, 

(1995) 


1—500 cig—years - 

4.4 





2 .2-8 6 

socioeconomic status, coffee 



S 01 — 1000 cig-yeurs 

9.9 





5.3-18.7 

consumption, and composite 



[001 — 1500 cig—years 

16.1 





8,5-30.8 

scores for consumption of 



>1501 cig—years 

28.0 





J 4.5-54.0 

alcohol and |3-carotene 

De Stcfani et al. 

Men 

1-10 

2.9 





1.6-5.0 

Reference level, never- 

(1996a) 


1 1-20 

8.4 





5.2-13.6 

sirtoker; adjusted for age. 



2 1-40 

10.4 





6.4-16 9 

residence, urban/rural status 



2 : 41 

23.7 





13.4—42. ] 

and education 



1—29 pack—years 

3.8 





S.3-6,3 




30—50 pack-years 

7.6 





4.6-12.6 




5 1—85 pack— years 

12.7 





7.7-21.1 




S 86 pack—years 

14.9 





8.9-24.8 


Dc Stefan i et al. 

Men and 

1—33 pack—years 

1.9 





1.0-3.8 

Reference level, nonsmokor; 

(1996b) 

■women 

34-54 pack—years 

6.5 





3.5-12.1 

adjusted for age, sex. 



55—84 pack—years 

J 4.5 





7.7-27.2 

residence, urban/rural. 



£ 85 pack-years 

16.1 





8.6-30.4 

education, family history of 










cancer and body-mass index. 

Lei etal. (1996) 

Men 

< 400 cig—years 

1.8 





1.2-3.3 

[Adjustment not Stated] 



400-799 cig-years 

3.3 





2.7-5.6 




> 800 cig-years 

S.4 





3.6-7.9 



Women 

< 400 ctg-years 

1.9 





l.7-3.0 




400—799 cig—years 

3.6 





2.4-5.1 




£ 800 cig—years 

5.5 





3.2-7.2 


Rylander et al. 

Men 


Duration (years) 




p trend 

Reference level, nonsmokcr; 

(1996) 



<20 

20-29 

30—39 

40-49 

> 50 


adjusted for age. marital status. 



<■ 10 

0.9 

1.4 

4.3+ 

5.7 + 

17.6+ 

0.008 

job classification, ‘other fruits 



10-19 

2.6 

2.3 

6 .0+ 

16.2* 

22 .6* 

0.001 

and herries’ and milk 



> 20 

1.3 

2 .8* 

10.9* 

12 .6+ 

4t .0* 

0.001 

consumption. 


Table 2.1.1.5 (contd) 


Reference 

Subjects 

Average no. of 
c i ga ret tes /day* 

Odds ratio 



9S% Cl 

Adjustments, comments 

Xu et ai. (1996) 



Duration (years) 5 -29 

30-39 

>40 


Reference level, nonsmoker; 


Men 

l—l 9 

1 .8* 

2 .1* 

3.3 + 


adjusted for age and education 



20-29 

1.5 + 

2.7+ 

6 .0+ 





a 30 

5.3 + 

4,9* 

17.1 + 




Women 

1-19 

1.4 

3.L* 

3.4* 





£: 20 

2.1 

3.4* 

9.4- 



Yu & Zhao 

Men and 

< 10 

1.2 



0.9-1.8 

Meta-analysis of 1 5 studies 


women 

10-19 

2.2 







>20 

4.5 



2.8-7.2 



Women 

< 10 

2.2 



1.7-2.9 

Meta-analysis of 12 studies 



10-19 

6.1 



4.6-8.! 




> 20 

12.2 



8.8-16.8 


Barbone et al. 

Men 

1-9 

2.7 



1.5-5.1 


(1997) 


10-19 

9.8 



S.9-16.3 

adjusted forage 



20-29 

10.9 



6.7-17.8 




30-39 

13.6 



8.1-23.0 




]>40 

17.7 



10.7-29.2 


Dosertieci et al. 

Men 

1-10 

2.2 



1.4-3.3 

Adjusted for age and alcohol 

(1997) 


1 1-20 

3.1 



2.3—4.1 

COrt&umptinn 




6.6 



4.4-10.2 


llu etal. (1997) 

Men 

Nonsmoker 

1.0 




Adjustment not stated 




1 .6 



0.8-3.0 

+[Ovcrlapping intervals] 



14—24' 

2.1 



1.2-3-8 




> 25 

3.7 



1,6-8,4 



Worn en 

Nonsmoker 

1.0 




: Onty 6 cases and 6 controls 







0.9—6.0 

for 14—24 cigarettes/day and 




1 .2 s 



0.3—4.6 

1 case and 2 controls for > 25 



>25 

0 .6 r 



03-9,7 

cigareties/day 


3006392096 
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Table 2.1.1.5 (contd) 


TO 



1 


Reference 

Subjects 

Average no. of 
cigarettes/day" 

M uscat el al. 
(1997) 

Men 

Current smoker 
Former smoker 


Women 

Current smoker 
Former smoker 

Pawlega ei al. 

Men 

1—20 pack—years 

(1997) 


21—40 pack—years 
> 40 pack—years 

Rachlan <St 

Women 

< 10 

Sokolowski 


10-19 

(1997) 


£ 20 

Schwartz & 

Men 

40—54years 

Swanson (1997) 


Nonsmoker 

1—40 pack—years 
£ 4 1 pack—years 



55—84 years 
Ndnsmokcr 



1—40 pack—years 
>41 pack-years 


Women 

40-54 years 
Nonsmolcer 



J —40 pack-years 

5 41 pack-years 



55—84years 
Nonsmoker 



1—40 pack—years 

5 41 pack-years 


Odds ratio 


Ctg/day 1-19 20-39 5 40 

8.3* 14.6* 37.0* 

4.8* 7.4* II. |* 

6.0* 21.0* 72.9* 

4.2* 9.9* 10.5* 

2.9 

15.2 

18-7 


3.6 
3.5 
13 8 


8.0 

3.1 

1.8 


1.0 

0.8 

0.9 


0.8 

1.2 


0.8 

1-1 

0-8 


95% Cl Adjustments, comments 


Analysis of large-cell 
carcinomas only; adjusted for 
age and education 
all p for trend < 0.0 1 


0.R—! 0.4 

Adjusted for age, residence, 

4.8—47.5 

education, years of 

<5.0-58.2 

Occupational exposure and 

1.1—12.3 

frequcncy of fruit and 
vegetable consumption 

Reference level, never--smoker; 

t .7-7.2 

ndj usted for age 

6.5-29.2 

Risk for African Americana 

2-32.8 

compared with whites in each 

1.9—5.4 

category of smokers within 

0.7—4.7 

each age group, for men and 

0 .6- L .5 

women separately; adjusted for 
age, education and number of 

0 .6-1.1 

years since cessation 

0.7-1.2 

0.2-3 A 

0.7-2.1 

0.S-1.1 

0 .8-1 .6 

0.5-1.2 





Table 2.1.1.5 (contd) 


Reference 

Subjects 

Average no. of 
c i ga rettes/day* 

Odds ratio 

95% Cl 

Adjustments, comments 

Wakai el al. 

Men 

1-19 

1.9 

0 .8—4.0 

Current smokers; reference 



20-29 

4.0 

1.9-8.4 

level, nonsmoker; adjusted for 



2 : 30 

9.2 

4.2-20.1 

age 

Juckel al al. 

Men 

N onsmolccr 

1.0 


Nonsmoker includes 

(1998) 


0—20 pack—years 

3.8 

2.2-65 

occasional smokers; matched 



> 20—40 pack—years 

9.7 

5.7-16.5 

for age, sex. and region; no 



> 40 pack—years 

14.0 

8.1-24.4 

further adjustments 


Women 

Nonsmokcr 

1.0 





0-20 pack-years 

1.8 

1.0-3.3 




> 20—40 pack—years 

5.2 

2.6-10.4 




> 40 pack—years 

11.3 

3.1-41.2 


Khudcr el al. 

Men 

1-19 

2.5 

1.5—4.1 


(1998) 


20-39 

10.4 

6.6-16.5 

Crude odds ratios 



> 40 

32.8 

19.6-55.0 


Kreuzer ei al. 

< 45 years 




Adjusted for age, region and 


Men 

<9 

2.5 

0.7—8.2 

exposure to asbestos 



10-19 

8.7 

3.5-21.9 




20-29 

19.5 

7.5-50.3 




S 30 

20.8 

7.2-60.5 



Women 

< 9 

5.7 

1.6-16.6 




1 0—19 

1 1.3 

3.5-29.0 




20-29 

12.1 

3.0-48.0 



55—69 years 





Men 

< 9 

8.2 

5.2-13.0 




10-19 

25.1 

16.2-38.7 




20-29 

32.8 

20.9-5 1.4 




>30 

33.3 

20.5-54.0 



Women 

£ 9 

2.0 

1.2-3 3 




10-19 

5.4 

3.5-8.6 




20-29 

7.7 

3.5 -l 7.3 




>30 

— 

_ 



> 

o 

r~> 

O 

CO 

2 

o 


t-J 


UA 
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I ARC MONOGRAPHS VOLUME 83 


Table 2-1,1.5 (contd) 


Reference Subjects Average no. of Odds ratio 

___ cigarettes/day” 


Liu eral. (1998) 


Mntos et of. 
(1998) 


Wunsch-Filho 
efctl. (1998) 


Armadaris-Gil 
eta/. (1999) 


Men aged 

Ur bum r 


35-69 years 

1-19 

2.1 


20 

3.6 


> 20 

RuraP 

6.9 


i — l 9 

2.2 


20 

3.7 


>20 

7.3 

Men 

Currant smoker 



1-14 

1.6 


15-24 

8.0 


>25 

Former smoker 

15.0 


1—14 

2.3 


15-24 

6.7 


£ 25 

7.4 

Men 

< 21 pack—years 

1.3 


2 1—40 pack-years 

4.2 


4 1—60 pack—years 

6.9 


5 61 pack—years 

7.7 

Women 

<21 pack—years 

3.9 


21-40 pack-years 

9.0 


41—60 pack-years 

7.4 


5 61 pack—years 

3.6 

Men 

1-14 

3.3 


15-24 

1 1.6 


> 25 

41.2 


95% Cl 


Adjustments, comments 


0.05* 

0.06 

0 . 1-4 

2.23 

3.65 

7.26 


0.S-5.0 

3.4- 16.8 

7.1- 31.9 

0.9-5.6 

2.9- 15.4 

3.4- 16.1 
0.7-2.8 

2.2- 8.1 

3.6- 13.0 
4 1-J4.6 
2.0-7.6 

3.6- 22.5 

2.9- 19.0 
M 11.4 
1.4 7.4 
5-3-25.3 

17.8-95.0 


Propcjiiunul mortality study 
Reference level, nonsmoker 
Most recent smoking habit 
Standard error 
Trends, p < 0.0001 


Reference level, nonsniokcr; 
adjusted for age and hospital 


Reference level, nonsmoker 


Adjusted for age 


Table 2.1.1*5 (contd) 


Reference 

Subjects 

Average no. of 
cigarettes/day“ 

Odds ratio 

95% Cl 

Adjustments, comments 

Mzileni et at. 

Men 

Fortner smoker 

2.2 

1,0-4.6 

Reference level, never-smoker; 

(1999) 


Current smoker 



adjusted for age, dusty 



< 1 5 g/day 

9.8 

S.9-16.4 

occupation and exposure to 



S 2 15 g/day 

12.0 

65-22.3 

asbestos >it birth 


Women 

Former smoker r 

5.8 


T Only 2 former and 5 current 



Current smoker' 

5.5 

2.6-11.3 

smokers among controls 

Agudo et &/■ 

Women 

< io 

2.0 

1 .6-2.5 

Reference level, never-smoker 

(2000) 


10-19 

5.9 

48-7.3 

(includes smokers of less titan 



20-29 

9.5 

7.0-12.8 

400 tig during lifetime) 



£: 30 

15.4 

9.6-24.7 

adj’usted for age and centre 

Dikshit & 

Men 

1-10 

1.5 

0.3-6.7 

Adjusted for age and bidi- 

Ranh ere (2000) 


] 1-20 

1 1.1 

3.4-3 S.9 

smoking 



> 20 

26.8 

6 .0-120.2 


Kreuzer et ul. 

All 1 




Reference level, never-smokcr 

(2000) 

Men 

< 15 

8.6 

6.7-10.9 

Adjusted for age and centre 



15-29 

21.7 

1 7.2-27.4 

p for interaction 



> 30 

25.4 

19.4-33.3 

gender/smoking <. 0.0001 


Women 

< 15 

2.9 

2.4—3.6 

7 ? for interaction 



15-29 

7-8 


gen der/snro king =■ 0.8 



> 30 

13.8 


Analysis restricted to ever- 






smokers, adjusted also tor 






duration and time since 


Men 

< 15 

4.3 

2.4-7.5 




15-29 

11.6 

7.0-19.3 




>30 

20.7 

10.8—39.6 



Women 

< 15 

3.8 

l .9-7.6 




15-29 

15.0 

7.0-32.0 




>30 

23.4 

5.9-92.3 



E ver-smoker 





Men 

< 15 

1.0 





15-29 

2.0 

1 .8-2.2 




>30 

2.4 

2 .0—2.8 



3006392098 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.5 (contd) 


Reference 

Subjects 

Average no. of 
cigaretTes/Oiiy* 

Odds ratio 

95% Cl 


Women 

< 15 

1.0 




15-29 

2.0 

1.4-2.7 



?? 30 

3.4 

1.6-7.3 

Os anil et at. 

Women 

Former smoker 

31.5 


(2000) 


Current smoker 

278.9 




<12 pack-years 

1 .0 T 




1 2 .1—24.4 pack—years 

27.0 




> 24.5 pack—years 

56.7 



Siirtonato era/. 

Men and 

Venice 





(2000) 

women 

Former smoker 

4.6 



1.3-16.5 



Current smoker 

17.5 



4.8-63.4 



Meat re 







Former smoker 

4.9 



2.3-10.5 



Current smoker 

9.7 



4.7-19.9 

Boftetta et al. 

Women 


< 3 5 years 

35-39 years 

40 44 years 


(2001) 


Current smoker* 

3.4 (0.6-19) 

5.4 (1.9-15) 

18 (6.6-50) 




Former smoker* 

4.9 (0.5—47) 

2.2 (0.6—8.2) 

5.3 (1.6-18) 




1—9 pack—years T 

3.6(0.6-21) 

1.0 <0.2-4.5) 

3.9 (1.2-13) 




10 — 14 pack—years* 

3.7 (0.3-41) 

6.6 (1.6-27) 

18 (4.9-64) 




2 : 15 pack—years' 

4.4 (0.4-48) 

6.9 (2.1-22) 

33(10-104) 




J 5—24 cig/day* 

0.3 <0.1-2.6) 

0.1 (0.02-1.0) 

2.0 (0.7-5.4) 




> 25 cig/day : 

- 

0.4 (0.04—4.4) 

5.7 (1.0-32) 



Adjustments, comments 


Small-cell carcinoma only 
Reference level, nevcr-smokcr 
(I case/107 controls); adjusted 
for age and education 
r l case/146 controls; analysis 
by pack—years, also adjusted 
for years since cessation. 
Reference level, never-smoker, 
includes former smokers wilh 
> 20 years of cessation; 
adjusted for age, sex, 
education, duration, 
occupation and heating 

’’Reference level, never- 
smoker, adjusted for center 
and age 

* Reference level, -e 1 5 ciga¬ 
rette s/day, further adjusted for 
duration Of smoking 




Table 2,1.1.5 (contd) 

Reference Subjects 

Average no. of 
ci gaTett es/ day 1 

Odds ratio 

95% CT 

Adjustments, comments 

Goldoni et al. Men 

1-9 

3.7 

0.9-1 5;8 

Reference level, nonsmoker; 

(2001) 

10-19 

9.9 

3.3-29.5 

adjusted for passive smoking. 


> 20 

44.9 

14.5-139.3 

age and diet 

Lam et al. (2001 ) 35—69 years 



Reference level, nonsmoker; 


1—14 

2 .8* 


adjusted for age and education 


i5—24 

5.6* 


all p for trend < 0.001 


> 25 

12.7* 



Women 

1-14 

2.4* 




15-24 

4.2* 




2 25 

7.5* 



5 70 years 





Men 

1-14 

3.4* 




15-24 

6.5* 




>25 

7.3* 



Women 

1-14 

3.4* 




15-24 

6 .2* 




> 25 

5.3* 



Mao et al. (2001 ) Men 

Former smoker 

6.4 

4.6-8.8 

Reference level, never-smoker; 


Current smoker 

17.3 

12.4-24.2 

adjusted for age group. 


<, 8 pack-years 

2.1 

i .4-3.2 

province, years of exposure to 


9 —18 

3.6 

2 .4-5.2 

passive smoking, total 


19—32 

12.7 

9.0-17.9 

consumption of vegetables. 


> 33 

27.9 

19.8 39.4 

vegetable juices and meat 

Women 

Former smoker 

4.3 

3.5 5.4 



Current smoker 

13.2 

10.6-16.4 



< 8 pack-years 

1.5 

1 .2-2.1 



9-lS 

4.1 

3.1-5.4 



19-32 

13.0 

10.2-16.6 



> 33 

29.0 

22.1-38.0 



3006392099 
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Table 2.1.1.5 (contd) 



Reference 

Subjects 

Average no. of 
c i ga rettes/day° 

Odds ratio 

95% Cl 

Adjustment!*, comments 

Stellman et a!. 

Men 

Former smoker 

7.9 

6.0-10.3 



While 

Current smoker 

21.0 





1-19 

8.4 

5.9-12.1 




20 

20.0 

14.4-27.6 




> 21 

29.8 

22.1-40.2 



Black 

Former smoker 

8.1 

3.4—19.4 




Current smoker 

18.2 

7.6-43.4 




1—19 

7.5 

3.0-18.7 




20 

34.2 

13.3-88.3 




2 : 21 

42.2 

15.9-1 11.9 



Women 

Former smoker 

6.3 




White 

Current smoker 

19.3 

15.4-24.2 




1-10 

6.2 

44-8.8 




1 1-20 

19.1 

14.6-25.0 




221 

33.6 

25.4-44.4 



Black 

Former smoker 

9.3 

4.5-19.2 




Current smoker 

17.2 

8.7-33.7 




I-IO 

8.3 

3 8-18.2 




1 1 —20 

21.3 

10.0-45.2 




>21 

42.9 

17.0-108.4 


Wang eta!.. 

•Men and 

Light smoker 

1.3 ■ 

0 .8-1.8 



women 

> 10 cig/day and 



adjusted for age, son.. 





t.5-4.1 

prefecture and socioeconomic 



2 r 20 og/day and 






£ 40 years 

5.5 

2,2 12.2 



*p < o.os 

* Unless otherwise specified 


Table 2.1.1.6. Case—control studies on tobacco smoking and lung cancer: age at starting smoking 


Reference 

Subjects 

Age at starting Odds ratio 

smoking (years) 

95% Cl 

Comments 

Gao *>i af (1988) 

Men 

10-19 

5.1 

3.6-7.2 

Reference level, lifelong nonsmoker; 



20-29 

4.7 

3.3-6.5 

adjusted for age and education 



>30 

1.2 

0-8—1.9 



Women 

10-19 

5.6 

3.4-9.0 




20-29 

3.8 

2.6-5.8 




£30 

2.0 

1.4-3.0 


Jedrychowski et al. 

Men 

< 17 

1.7 

1.2-2.3 

Reference level, never-smoker; adjusted 

(1 990) 


17-18 

1.3 

1.0-1.7 

fur age 


Women 

< 23 

1.8 

0.7-4.6 


Liu (1992) 

Men and women 

<20 

3.3 

2.7—4.0 

Reference level, nonsmoker; combined 



20-29 

2.4 

2.0-2.8 

analysis of 3 studies; adjusted by city 



> 30 

1.2 

0.9-1.5 


Morabia &. Wynder 

Men and women 


NCC 


Only bronchioloalveolar carcinoma; 

(1992) 


10-14 

2.3 

0.9-6.2 

reference level, never-smoker; adjusted 



15-16 

5.7 

2.5-12.9 

for age and sex 



17-19 

2.1 

1.0—4.4 




20-50 

2.3 

1.1-4.9 





CC 





10-14 

6.0 

2.1-17.3 




15-16 

5.2 

2.3-1 1.3 




17-19 

4.1 

1.9-8.7 




20-50 

2.4 

1.2-S.I 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.6 (contd) 


Reference 

Subjects 

Age at starting Odds ratio 

smoking (years) 

9 5 Vo Cl 

Comments 

Gao et al. (1993) 

Men 

c 20 

8.6 

4.0-18.5 

Reference level, nonsmoker; adjusted for 



20-29 

6.4 

3.3-12.5 

age 



£30 

2.1 

0.4-13.0 


Hegmann et at. 

Men 

£ 19 

12.7 

6.4—25.2 

Reference level, nonsmoker, adjusted for 

(1993) 


> 19 

6.0 

2.8-12.9 

age and pack—years 


Women 

< 25 

10.0 

4.7-21.2 

*Only 2 cases started > 25 years. 



>2S' t 

2.6 

0.5-12.4 


Pezzutto el al. (1993) 

Men 

< 14 

1.0 


Adjusted for age, hospital and intensity of 



14-18 

1.4 


cigarette smoking 



> 18 

0.9 



Benhamou & 

Men 

< 19 

5.8 

3.8-8.8 

Reference level, nonsmokcr; adjusted for 

Benhamou (1994) 


> 19 

5.9 

3.9-8.9 

age at diagnosis, hospital, interviewer and 


Women 

<25 

2.5 

0.9—6.9 

pack—years 



>25 

1.2 

0.4—3.5 


Suzuki et al. (1994) 

Men and women 

< 12 

2.4 

0.8-7.3 

Adjusted for age, sex, race and pack- 



12-18 

2.1 

0.9-5.0 

years 



> 18 

1.0 



Yu & Zhao (1996) 

Men and women 

< 20 

3.3 

2.4-3 .6 

Reference level, nonsmoker 



20-29 

2.4 

1.9-3.1 

Meta-analysis of 15 studies 



> 30 

1.3 

0.9-1.9 



Women 

< 20 

3.2 

2.4—4.3 

Meta-analysis of 12 studies 



20-29 

2.8 

2.2-3.7 




>30 

. 1.5 

1.2-2.0 





Table 2.1.1.6 (contd) 


Reference 

Subjects 

Age at starting 
smoking (years) 

Odds ratio 

95% Cl 

Comments 

Barbone et at. (1997) 

Men 

<■15 

50.8 

27.2-95.0 

Reference level, nonsmokcr; adjusted fur 



15-19 

9.9 

6.2-15.8 

age 



> 20 

8.2 

5.0-13.3 


Rachtan & 

Women 

< 20 

1 1.6 

5.0-26.7 

Reference level never-smoker; adjusted 

Sokolowski (1997) 


20-30 

5.3 

2.8-10.2 

for age 



> 30 

5.3 

1.5-19.0 


Khuder et al. f 1998) 

Men 

< 16 

10.3 

6.5—16.3 

Reference level, nonsmoker; unadjusted 



16-19 

6.4 

4.0-10.2 

odds ratios 



> 20 

6.4 

3.8-10.2 


Liu et at. (1998) . 

Men 35-69 years 




Proportional mortality study 


Urban 

<20 

4.11 

0.07* 

Reference level, nonsmoker 



20-24 

2.94 

0.05 f 

Standard error 



> 25 

2.45 

O.OS T 

trends :p < 0.0001 


Rural 

< 20 

3.07 

0.ll T 




20-24 

2.62 

0.09 r 




> 25 

2.26 

0.09 1 * 


Matos et al. (1998) 

Men 




Reference level, nonsmoker; adjusted for 


Current smoker 

< 15 

11.3 

5.3-24.3 

age and hospital 



15-19 

8.6 

4.1-1S.4 




^ 20 

5.3 

2.3-12.5 



Former smoker 

< 15 

4.9 

2.2-11.0 




15-19 

7.5 

3.5-16.0 




> 20 

2.6 

1.0-6.7 



> 

o 

o 

o 

OD 

S 

o 

7 *. 


3006392102 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.1.6 (eontd) 



Reference 

Subjects 

Age at starting 
smoking (years) 

Odds ratio 

95% Cl 

Mao et al. (2001) 

Men 

< 15 

11.5 

8.3-16,0 



16-19 

9.1 

5.5-12.7 



>20 

6,3 

4.4-9. t 


Women 

15 

8.8 

6.9-1 1.2 



16-19 

8.0 

6.4-9.9 



>20 

5.6 

4.4-7.1 

Srellman et al. 

Men 

< 14 

1.2 

0.4—3.4 

(2001) 

USA (community 

15-17 

1.0 

Reference 


controls) 

18-20 

0.6 

0.2-1.7 



> 20 

0.5 

0.2-1.4 


Japan (hospital 

15-17 

1.0 



controls) 

18-20 

0.2 

0.1-0.6 



> 20 

0.2 

0. 1-0.8 


Japan (community 

15-17 

1.0 

Reference 


controls) 

18-20 

0.8 

0.5-1.3 



> 20 

0.5 

0.3-0.9 

Petrauskaite el al. 
(2002) 

Men 

< 20 

20-24 

22.5 

13.6 

7,8-63.9 

4.6-40.0 



>25 

8.6 

2.6-28.5 

Rachtan (2002) 

Women 

< 18 

13.6 

7.6-24.1 



> 18 

8.2 

5.4-12.4 


Cl, confidence interval; NCC, non-cancer controls; GC, cancer controls 


Comments 


Reference level, never-smoker; adjusted 
for age group, province, years of exposure 
to passive smoking, total consumption of 
vegetables, vegetable juices and meat 


Adjusted for age, education and hospital 
for hospital controls or residence for 
community controls 

No controls and only 2 cases started 
before 15 years in Japan. 


Reference level not clear; adjusted forage 
and year of death 


Reference level, never-smoker; adjusted 
for age 


Table 2.1.1.7. Case—control studies on tobacco smoking and lung cancer: duration of smoking 


Reference 

Subjects 

Duration (years) 

Odds ratio 

95% Cl 

Comments 

Pathak ct al. 

Men 




Reference level, never-smoker; 

(1986) 

< 65 years 

1-29 

12.9 


adjusted for sex and ethnicity 



30-39 

37.3 


p < 0.001 for linear trend 



40-49 

57.3 





50-59 

91.4 




> 65 years 

1-29 

22.9 


p < 0.001 for 1 inear trend 



30-39 

6.6 





40-49 

11.7 





50-59 

16.1 





> 60 

1 t .9 



Benhamou et al. 

Women 

<20 

1.0 


Matched analysis, adjusted for filter. 

(1987) 


21-40 

2.1 

0.5-9.0 

inhalation, age at starting smoking and 



> 40 

3.3 

0.4-24.1 

type of tobacco used 

Benhamou et al. 

M.en 

1-25 

1.0 


Adjusted for age and daily 

(1989) 


26-3 S 

1.6 

1.2—2.3 

consumption of cigarettes 



>36 

2.1 

1.5-2.9 


Katsouyanni et al. 

Women 

1-30 

1.3 

0.5-3.3 

Reference level, nonsmoker; adjusted 

(1991) 


> 30 

7.4 

2.9-19.1 

for age 

Osann (1991) 

Women 

< 20 

1.6 

0.7-3.5 

Preference level, never-smoker; 



>20 

n.6 

5.8-23.3 

adjusted for age 

Liu (1992) 

Men and 

<30 

1.0 

0.8-1.3 

Reference level, nonsmoker; 


women 

>30 

2.7 

2.2-3.2 

combined analysis of 5 studies 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1,1,7 (contd) 


Reference 

Subjects 

Duration (years) 

Odds ratio 

95% Cl 

Lubin et al. (1992) 

Men 

1—29 

1.3 





30-39 

2.3 





40-49 

4.4 





> 50 

9.6 



Morabia & 

Men and 


NCC 

CC 


Wynder (1992) 

women 

1-19 

1.2 

1.4 




20-29 

2.2 

2.5* 




30-39 

2.7* 

3.9* 




40—49 

3 A* 

5.6* 




50-80 

5.1* 

9.1* 


PC770HO el al. 

Men 

<31 

1.0 



(1993) 


3 1 —4-0 

3.6 


p < 0.0005 



> 40 

6.0 


p < 0.005 

Benhamou et al. 

Men 

1-25 

1.0 



(1994) 


26-35 

2.4 


1.8-3.1 



36—45 

3.0 


2.2—4.2 



> 46 

4.2 


2.7—6.5 

De Stefani et al. 

Men 

Man i ifactured 




(1994) 


1—31 

1.0 





32—43 

1.6 


0,6-4.0 



44-52 

3.2 


0.6-7.4 



>53 

2.9 


0.9-17.0 


Comments 


Reference level. nonsmoker; adjusted 
for age, source of subject, type of 
respondent and years of work 
underground 
p for trend <0.01 

Only bronchioloalveolar carcinoma 
Reference level, never-smoker; 
adjusted for age and sex 


Adjusted forage, hospital and 
intensity of cigarette smoking 

Adjusted for age and smoking 
variables 


Adjusted for age, residence, education 
and amount of smoking 




Table 2.1.1.7 (contd) 


Reference 

Subj ects 

Duration (years) 

Odds ratio 

95% Cl 

Comments 



Hand-rot led 






1-31 

1.0 





32-43 

2.9 

1.7-5.2 




44-52 

5.0 

2.8-8.9 




2 53 

7.6 

4.1-14.0 


Sobue et al. ( 1994) 

Men 

1-29 

1.0 


Adjusted for number of cigarettcs/day. 



30—39 

1.5 • 

1.0-2.2 

fraction smoked per eigarette, filter 



40-49 

2.3 

2.0-4.1 

and inhalation 



> 50 

4.1 

2.7—6.2 


De Stefani et al. 

Men 

1-29 

3.4 

1.7-6.8 

Reference level, never-smoker; 

(1996a) 


30-39 

5.2 

2,9-89 

adjusted for age, residence, urban/rural 



40—49 

10.4 

6.4—16.9 

status and education 



> 50 

10.8 

6.6-17.6 


Yu & Zhao (1996) 

Men and 

0 

1.0 


Meta-analysis of 15 studies 


women 

< 30 

1.1 

0.6^? f 

illegible in original article 



2: 30 

2.5 

1.7-3.6 



Women 

O 

1.0 


Meta-analysis of 12 studies 



< 30 

1.4 

0.5-3-9 




> 30 

3.8 

1.7-8.5 


Barbone et al. 

Men 

1-29 

3.2 

1.8-5.7 

Reference level, nonsmoker; adjusted 

(1997) 


30-39 

7.9 

4.7-13.5 

for age 



40-49 

11.4 

7.0-18.8 




£ 50 

14.5 

9.0-23.3 


Dosemeci et al. 

Men 

1-10 

1.0 

0.6-1.7 

Adjusted for age and alcohol use 

(1997) 


11-20 

3.8 

2.6—5.7 




2:21 

4.9 

3,5-7.0 






Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1,7 (contd) 


Reference 

Subjects 

Duration (years) Odds ratio 

95% Cl 

Comments 

Hu eta/. (1997) 

Men 

1-19 

2.0 

0.1-3.9 

Reference level, nonsmoker; 



20-29 

2.1 

1.2-3.7 

[variables of adjustment not stated] 



>30 

2.2 

0.9-5.3 



Women 

1-19 

1.7 

0.6—5.0 




20-29 

1.9 

0.6-6.0 




> 30 

1.6 

0.3-9.7 


Muscat at ah 

Men 

1-19 

2.9* 

1.2-7.3 

Large-cell carcinoma only; adjusted 

(1997) 


20-39 

10.6* 

4.9-22.9 

for age and education 



>40 

23.1* 

10.4-50.8 

Ad p for trends < 0.01 


Women 

1-19 

2.9* 

1.2-6.9 




20-39 

1 1.5* 

6.3-21.1 




> 40 

30.1* 

15.8-57.4 


Rachtan & 

Women 

1-20 

2.0 

0.9-4.7 

Reference level, never-smoker; 

Sokolowski (1997) 

21-40 

7.5 

3.9-14.6 

adjusted for age 



>40 

58.7 

7.6-455.6 


Khuder ei uL 

Men 

1-29 

3.5 

1.8-7.1 

Reference level, nonsmoker; 

(1998) 


30-49 

7.5 

4.S-11.9 

unadjusted odds ratios 



> 50 

9.0 

5.7—14.1 


Kxeuzer et al. 

< 45 years 




Reference level, never-smoker; 

(1998) 

Men 

£ 19 

4.0 

1.6-10.2 

adjusted for age, region and exposure 



20-39 

26.3 

10.3-66.8 

to asbestos 


Women 

5 19 

4.9 

1.7-14.2 




20-39 

47.5 

J 3.2-173 



55— 69years 






Men 

< 19 

4.9 

3.1-7.9 




20-39 

20,9 

1 3.5-32.2 




>40 

54.5 

34.9—85.2 



Table 2.1.1.7 (contd) 


Reference 

Subj ects 

Duration (years) 

Odds ratio 

95% Cl 

Comments 


Women 

< 19 

0.9 

0.5-1.6 




20-39 

4,9 

3,1-7.6 




>40 

8.3 

4.7-14.5 


Matos et ah (1998) 

Men 

Current smoker 



Reference level, nonsmoker; adjusted 



1-24 

5.2 

1.7-16.4 

for the design variables, age and 



25-39 

7.4 

3.3-16.6 

hospital 



>40 . 

10.2 

4.7-22.1 




Former smoker 






1-24 

1.5 

0.6-3.9 




25-39 

7.5 

3.4—16.8 




2:40 

15.4 

6,2—37.9 


Dikshit Sl Kan here 

Men 

1-20 

2.5 

1.1-5.6 

Reference level, nrmsmoker; adjusted 

(2000) 


21-30 

12.0 

5.9-24.0 

for age 



> 30 

52.0 

24.0-112.8 


Armadans-Gil 

Men 

1-24 

2.6 

1.0-6.6 

Reference level, nonsmoker; adjusted 

et al. (1999) 


25—49 

11.9 

5.5-25.5 

for age 



> 50 

26.8 

1 1.0-65.1 


Agudo ei al. 

Women 

< 20 

1.3 

1.0-1.6 

Reference level, never-smoker and 

(2000) 


20-29 

4.5 

3.5-5.7 

smokers who had smoked less than 



30-39 

7.6 

6.1-9.5 

400 cigarettes in their lifetime; 



>40 

12.8 

10.1-16.2 

adjusted for age and centre 

Kreuzer et al. 

Alt' 




Reference level, nonsmoker; adjusted 

(2000) 

Men 

< 20 

2.4 

1.8 3.3 

for age and centre 



20-39 

16.4 

12.9-20.9 

V interaction gender/smoking 



>40 

39.1 

30.4-50.3 

<0.0001 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.7 (contd) 


Reference 

Subjects 

Duration (years) 

Odds ratio 

95% Cl 

Comments 


Women 

< 20 

1.2 

0.9-1.7 




20-39 

5.3 

42-6.8 




> 40 

7.0 

5.1^9.5 



< 50 years* 




*p for interaction gender/smoking = 


Men 

< 20 

2.1 

1.2-3.8 

1.0 



20-39 

16.4 

9.9-27.2 



Women 

< 20 

2.2 

1.0-4.7 




20-39 

14,4 

7.2-28.6 



Ever-smoker 




Also adjusted for average amount of 


Men 

< 20 

1.0 


smoking and time since cessation 



20-39 

3.2 

2.5—4.0 

[There is probably an error in the 



> 40 

4.1 

3.1-5.6 

original table; analysis by duration 


Women 

< 20 

1:0 


says adjusted for duration instead 



20-39 

2.7 

1.7—4.1 

average amount of smoking.) 



S: 40 

3.3 

1.9-5.8 . 


Simonato el al. 

Men and 

Venice 



Reference level, never-smoker and 

(2000) 

women 

<20 

4.4 

0.3-67.4 

former smoker who quit more than 20 



20—40 

6.0 

1.7-21.9 

years ago; adjusted for age, sex. 



> 40 

16.9 

• 4,5—63.3 

education, occupation and heating 



Mestre 






<20 

0.6 

0.1-6.0 




20-40 

7.6 

3.5-16.4 




> 40 

9.3 

4.4-19.7 



Table 2.1.1.7 (contd) 


Reference 

Subjects 

Duration (years) 

Odds ratio 

95% Cl 

Comments 

B offetta et al. 

Women 




Reference level < 10 years of 

(2001) 

<35 years 

10-19 

1.1 

0 . 1-11 

smoking; adjusted for centre, age. 



>20 

2.8 

0.1-95 

average number of cigarettes per day 


35—39 years 

10-19 

1.8 

0.3-12 




2 20 

40.0 

2.8-584 



£ 40 years 

10-19 

2.3 

0.4-13 




>20 

7.1 

1.2-42 


Kubik et al. (2001) 

Women 

1-10 

3.1 

1.2-6.2 

Reference level, never-smoker. 



11-20 

2.2 

1.2-4.3 

adjusted for age, residence and 



21-30 

4.0 

2.4—6.6 

education 



31-40 

1 1.7 

7.4-18.5 




> 40 

17.6 

10.7-28.7 


Slmonato et al. 

Men 

0-19 

1.0 

- 

Adjusted for age, education, average 

(2001) 


20-29 

5.0 

4.3-5.8 

number of cigarettes/day and centre 



30-39 

11.0 

9.6-12.7 




>40 

21.6 

18,6-24.9 



Women 

0-19 

1.0 

- 




20-29 

4.3 

1.3-5.5 




30-39 

7.2 

5.6-9. t 




> 40 

8.6 

6.6-11.3 


SteElman et al. 

Men 




Reference level, nonsmoker; adjusted 

(2001) 

USA (HC) 

< 40 

25.2 

11.9-61.0 

for age, education and hospital or 



> 40 

57.8 

27.4-131.9 

residence for community controls 


Japan (HC) 

< 40 

2.2 

1.1-5.2 




> 40 

7.4 

2.9-19.4 



Japan (PC) 

< 40 

4.8 

2.6-8.9 




> 40 

8.3 

4.5 15.4 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.7 (contd) 


Reference 

Subjects 

Duration (years) 

Odds ratio 


95% Cl 

Comments 

Bhurgri etaJ. 

Men and 

1-19 

8.4 (3.8-18.5) 

1.0* 

Reference 

Adjusted for age, sex and hospital 

(2002) 

women 

20-29 

10.1 (S.0-20.1) 

1,3 

0.5-3.4 

*Also adjusted for average daily 



30-39 

20.7 (l 1.5-37.2) 

2.4 

0.9-5.9 

amount of smoking; study included all 



> 40 

53,2 (29.4-96.2) 

6.0 

2.4-14.8 

types of smoking. 

Petrauskaite trt al. 

Men 

<- 41 

13.0 


4.5-37.7 

Reference level not clear; adjusted for 



> 41 

22.2 


7.7-63.6 

age and year of death 

Rachlan (2002) 

Women 

< 26 

3.0 


1.8-5.0 

Reference level, never- smoker; 



26-39 

15.6 


9.1-26.8 

adjusted for age 



£ 40 

30.0 


14,2—63.4 


Stellman et al. 

Men 





Reference level, nonsinoker 

(2002) 

White 

<40 

15.8 


1 1.5-21.8 




> 40 

25,1 


18.6-33.8 



Black 

c 40 

16.1 


6.7-45.7 




>40 

20.1 


8.7-54.7 



Women 







White 

< 40 

13.4 


10.2-17.6 




> 40 

24.7 


3 9.1-32,0 



Black. 

< 40 

14.6 


6.9-30.9 



_ 

> 40 

20.7 


9.6-44.7 



Cl, confidence interval; NCC, non-cancer control; CO, cancer control; HC, hospital control; PC, population control 
*p< 0.05 


Table 2,1.1.8. Case—control studies on tobacco smoking and lung cancer: smoking cessation 


Reference 

Subjects 

Years since quitting 

Odds ratio 



95% Cl 

Comments 

Gao et al. 

Men 

Current smoker 

3.9 



2.9-5.4 

Reference level, lifelong 

(1988) 


lw| 

6.9 



4.4—4 0.8 

nonsmoker; adjusted for age and 



5-9 

3.1 



1.7-5.9 

education 



> 10 

1.1 



0.5—2.2 



Women 

Current smoker 

2.9 



2.2-3.8 




1^1 

7.2 



3.4-15.1 




5-9 

3.9 



1.5-9.9 




> 10 

2.2 



1 . 0-4.6 


Higgins & 

Men 


17.4 



12.5-24.1 

Reference level, nonsmoker; odds 

Wynder 


5-9 

7.2 



5.1-10.3 

ratios not adjusted 

(1988) 


10-19 

6.1 



4.5-8-4 




20—29 

3.7 



2.5-5.5 




>30 

1.9 



1.1-3.1 



Women 

1-4 

9.3 



6.4-13.4 




5-9 

4.8 



3.2-7.1 




10-19 

2.2 



1.4-3.3 




20-29 

1.6 



0.9-2.9 




> 30 

2.6 



1.2-5.3 


Benhamou 

Men 


Ciearettcs/dav 




r Adjustect for age and duration 

el al. (1989) 



1-9* 10-19* 

> 20* 

anv* 


•Adjusted for duration and daily 



Current smoker 

1.0 2 . 4 * 

5.2* 

1.0 


consumption of cigarettes 



1—4 

3.3* 3.8* 

5.8* 

1 .5 

l.l—1.9 s 

s 9S% Cl for any number of 



S-Q 

0.5 1.5 

3.4* 

0.7 

0.S-1-0 5 

c \ gar ettes/d ay 



10-19 

0.9 1.0 

1 . 9 “* 

0.5 

0.3—0.8* 




£ 20 

0.5 2.0 

1.3 

0.4 

0.2—0.8* 
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Table 2.1.1.8 (contd) 


Reference 

Subjects 

Years since quitting 

Odds ratio 

95% Cl 

Jed rye hows ki 

Men 

> 5—10 

0.7 


0.4—1.0 

et al , (1 990) 


=> 10 

0.4 


0.3—0.6 


Women 

> 5 

0.5 


0.2-1.5 

Becher et al. 

Men and 

0-1 

1.0 



(1991) 

women 

2—4 

0.9 


0.4—2.2 



5 9 

0.7 


0.3-1.3 



> 10 

0.2 


O.t-0.5 



Nonsmoking interval 






(years) 






0-< 1 

1.0 





l-< 3 

0.8 


0.4-1.9 



> 3 

0.2 t 


0.1 0.5 

Jockel et at. 

Men 

0-5 

1.0 



(1992) 


> 5-10 

0.9 


0.4 1.8 



> 10 

0.4 


0.2-0.7 


Women 

0-5 

1.0 





>5 

0.2 


0.03-1.1 

Morabia & 

Men and 


CC 

NCC 


Wy rider 

women 

Current smoker 

3.7* 

2.3 


<1992) 


1-9 

2.9* 

3.8* 




10-19 

2.6* 

2.1 




20-52 

1.5 

1.5 


Gao et al. 

Men 

1-4 

5.1 


2.3-1 1.4 

(1993) 


5-9 

3.5 


1. J—S O 



10-14 

3.S 


1.5-9.5 


Comments 


Reference level, never-smoker; 
adjusted for age 


Risks for both sexes and both groups 
of controls combined; adjusted for 
lifetime-cumulative cigarette 
consumption 

f Rcsults based on 6 cases and 39 
controls 


Hospital controls and population 
controls combined 


Only bronchioloalveolar carcinoma 
Reference level, nevej-smoker; 
adjusted for age and sex 


Reference level, nonsmoker; 
adjusted for age 


Table 2.I.1.8 (contd) 


Reference 

Subjects 

Years since quitting 

Odds ratio 

95% Cl 

Comments 


Men 

Manufactured 



Adjusted for age, residence. 

et al. (1994) 


Current smoker 

1.0 


education and amount of smoking 



1^1 

0,5 

0-2-1 A 




5-9 

0.7 

0.2-1.9 




2> lO 

0.5 

0.2-1.5 




Hand-rolled 






Current smoker 

1.0 





1-4 

0.9 

0.5-1.4 




5-9 

0.5 

0.3—t .0 




^ 10 

0.2 

0.1-0.3 




Current smoker 

\.o 


Adjusted for age, sex, race and 

(1994) 

women 

1-5 

0.5 

0.2-1.4 

pack—years; excluding nonsmokers 



5-10 

0.5 

0.2-1.5 




> 10 

0.2 

0.1 -0.6 




Current smoker 

10.9 

6.9-17.1 

Reference level, never-smoker; 



1-4 

9.0 

5-2-15.9 

adjusted for age, residence. 



5-9 

6.2 

3.2-12.2 

urban/rural status and education 



> 10 

2.S 

1.4-5.7 



Men 

Current smoker 

13.S 

8,7-21.9 

Reference level, nonsmoker; 

(1997) 


1-4 

13.9 

6.8-28.5 

adjusted for age 



5-14 

9.1 

5.3-15.5 




15-24 

6.8 

3.6-12.8 




> 25 

2.1 

1.0-4.3 




1-5 

12.4 

5.2-29.6 

Only large-ccll carcinoma 

(I 997) 


6-10 

12.9 

5.3-31.1 

Adjusted for age and education 


> 10 

6.1 

2.8—13.6 

p for trend < 0.01 



Never-smoker 

1.0 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.8 (contd) 


Co 


Reference 

Subjects 

Years since quitting 

Odds ratio 

95% C! 

Comments 


Women 

1-5 

15.9 

7.1-35.4 




6-10 

I 1.5 

5.0-26.7 




> 10 

4.2 

3.0-9.0 




Never-smoker 

1.0 



Pohlabeln 

Men 

Current smoker 

1.0 


Adjusted for age, region of 

el al. (I9y7) 


< 1 

20.3 

9.8—42.3 

residence and pack—years 



1 

6.9 

3.3-14.2 




2-5 

1.6 

1.0-2.3 




6—LO 

1.0 

0.6-1.4 




11-20 

0.5 

0.4-0.8 




> 20 

0.2 

0.2-0.4 




Never/occasional 

0.2 

0.1-0.4 




smoker 




Khuder et al. 

Men 

Current smoker 

10.4 

6.6-16.4 

Reference level, nonsmoker; 

(1998) 


1-4 

9.6 

5.8-15.9 

unadjusted odds ratios 



5-14 

6.4 

3.8-10.7 




> 15 

4.0 

2.4-6.6 


Matos et al. 

Men 

1-5 

1.4 

0.8-2.6 

Reference level, current smoker; 

(1998) 


6-10 

0.9 

0.4-1.6 

adjusted for the design variables. 



>11 

0.3 

0.2—0.6 

age and hospital 



Nonsmoker 

0.1 

0.1-0.2 


A glide et al. 

Women 

Current Smoker 

8.9 

7.5-10.6 

Adjusted for age and centre; never- 

(2000) 


< 15 

3.8 

2.9-5.0 

smoker includes smokers who had 



15-19 

1.7 

1,2—2.4 

smoked less than 400 cigarettes in 



20-29 

0.6 

0,4-1.2 

their lifetime. 



> 30 

1.1 

0.7-1.8 




N e ver-s moker 

1.0 




Table 2.1.1.8 (contd) 

Reference 

Subjects 

Years since quitting 

Odds ratio 

95% Cl 

Comments 

Kreuzer et al. 

Men 

Current smoker 

1.0 


Adjusted tor age, centre and average 

(2000) 


2-9 

0.7 

0.6—0.8 

amount of smoking 



10-19 

0.2 

0,2—0.3 




> 20 

0.1 

0 . 1 - 0.1 



Women 

Current smoker 

1.0 





2-9 

0.5 

0.3-0.7 




10-19 

0.2 

0.1 -0.3 




£20 

0.2 

0.1-0.3 


Osann et al. 

Women 

Current smoker 

14.8 

4.3-51.4 

Small-cel! carcinoma only 

(2000) 


< 12 

8.6 

2.1-34.9 

Adjusted for age, education and 



> 12 

1.0 


pack—years 

Mao et al. 

Men 

< 10 

14.5 

10.2-20.6 

Reference level, never-smoker; 

(2001) 


1 1—19 

7.3 

5.0-10 5 

adjusted for age group, province. 



20-28 

3.5 

2.4—5.2 

years of exposure to passive 



£ 29 

1.5 

1.0-2.4 

smoking, total consumption of 


Women 

< 10 

11.8 

9.0-15.4 

vegetables, vegetable juices and 



1 1-19 

3.3 

2.4-4-6 




20-28 

1.6 

1.0-2.3 




> 29 

1.5 

1.0-2.3 


Simonato 

Men 

Current smoker 

1.0 


Adjusted for age, education and 

at al. (2001) 


2-9 

0.66 

0.59-0.73 

centre 



10-19 

0.27 

0.24-0.31 




20-29 

0.17 

0.14-0.20 




> 30 

0.08 

0.06-0.10 




Nonsmoker 

0.04 

0.03-0.05 



3006392109 
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Table 2.1.1.8 (contd) 


Reference Subjects 


Y ears since quitting Odds ratio 


95% Cl Comments 


Women 


Stellman ei al. Men 
(2001) USA(HC) 


Japan (HC) 


Japan (PC) 


Current smoker 

1.00 



2-9 

0.41 

0.31-0.55 


10-19 

0.19 

0.14-0.2? 


20-29 

0.08 

0.05-0.14 


> 30 

0.13 

0.08-0.21 


Nonsmoker 

0.1 1 

0.10-0,14 





Adjusted for age, education and 

Current smoker 

1.0 


hospital or residence lor community 

1—4 

0.5 

0.3-1.0 

controls 

5-9 

0.5 

0.2-0.9 


10-15 

0.4 

0.2—0.8 


> 16 

0.1 

0.1-0.2 

p for trend < 0.001 

Current smoker 

1.0 



1—4 

0.9 

0.3—2.9 


5-9 

0.8 

0.3-1.8 


10-15 

0.2 

0.1-0.5 


$ 16 

0.2 

0.1-0.4 


Current smoker 

1.0 



1 —4 

0.9 

0.5—J .7 


5-9 

0.8 

0.5-1.4 


IO-15 

0.2 

0.1 -0.4 


> 16 

0.2 

0.1-0.3 



Table 2.1.1.8 (contd) 


Reference 

Subjects 

Years since quitting 

Odds ratio 

95% Cl 

Comments 

Bhurgri et al. 

Men and 

Current smoker 

1.0 


. Adjusted for age, sex and hospital 

(2002) 

women 

2-4 

1.7 

0.9-3.4 



5-9 

0.9 

0.4-1.8 




10-14 

0.3 

0.1—0.7 




15-19 

0.2 

0.1-0.5 




2 20 

0.2 

0.1-0.3 




Never-smoker 

0.03 

0.02-0.05 


Petrauskaite 

Men 

Current smoker or 

1.0 


Adjusted for age and year of death 

et al. (2002) 


< 2 years 

2-4 

1.2 

0.6-2.0 




5-9 

0.6 

0.3-1.3 




10-19 

0.4 

0.2-0.9 




> 20 

0.4 

0.2—0,9 


Steliman et al. 

Men 




Reference level, nonsmoker 

(2002) 

White 

l-IO 

14.5 

10.9-19.5 




H-20 

7.8 

5.8-10.6 




5: 21 

3.7 

2.8-5.1 



Black 

1-10 

[3.7 

5.9-37.5 




11 —20 

4.2 

1.6-12.7 




>21 

3.9 

1.4-12.3 



Women 

White 

1-5 

10.1 

7.9-13.0 




6-15 

6.7 

4.8-9 A 




> 16 

3.4 

2.6-4.4 



Black 

1-5 

! 1.0 

5.0-24.2 




6-15 

6.5 

2.0-20.7 




> 16 

1.2 

2.9-17.5 


Cl, confidence interval; HC, 

hospital controls; PC, population controls; CC, 

cancer controls; NCC, non- 

■cancer controls 


*P < 0.05 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.9. Case-control studies on tobacco smoking and lung cancer: type of 
cigarettes 







■— 

Reference 

Subjects 

Use of tiItcr-tip 

OR 

95% Cl 

Comments 

Pathak el ai 

Men 




Adjusted for age, sex and 

(1986) 

Non-Hispanic 

Filter-tip only 

0.8 


ethnic variables, ethnicity, 


whites 

67-99% filler-tip 

0.7 


amount and duration of 



34-66% filter-tip 

0.6 


smoking and age-duration 



1-33% filter-tip 
Untipped only 

0.8 

1.0 


interaction 


Hispanic 

Filter-tip only 

0.04* 





67-99% filter-tip 

0.3* 





34—66% filter-tip 

0.4 





1-33% filter-tip 

0.6 





tfntipped rnily 

10 



Bcnhamou 

Women 

S 50% untipped T 

1 


'includes nousmokers; 

era/, (1987) 


> 50% untipped 

1.3 

0.3-6.O 

adjusted for cigarettes/day, 



100% untipped 

3.6 

0.7-19.2 

duration of smoking and 
inhalation 

Benhammi 

Men 

Filter-tipped 

1.0 


Only current smokers; 

elal. (1980) 


Mixed 

1.8 

1.3-2.5 

adjustment not stated 



Untipped 

1.9 

1.4-2.5 


Jitckel elal. 

Men 

Filter-tipped 

1 


Hospital and population 

(1992) 


Untipped (last 20 years) 

2.4 

1.2-4.8 

controls combined 

Pezzotto 

Men 

Ever filter-tipped 

1.0 


Adjusted for age, hospital 

elal. (1993) 


Untipped or both 

3.5 

p< 0.0001 

and years of cigarette 
smoking 

Sobue el al. 

Men, current 

All histological types 

1.5 

0.9-2.6 

Untipped versus filter- 

(1994) 

smokers 

see 

2.2 

1.2-4,0 

tipped cigarettes for each 



AC 

1.2 

0.6-2.5 

type; adjusted for duration, 



Small-cell carcinoma 

0.6 

0.2-2.0 

fraction smoked per 



Large-cdl carcinoma 

1.3 

0.4-4.5 

cigarette, cigarettes/day, 
cigarette type, inhalation 

De Stefani 

Men 

Never-sinoker 

1.0 


Adjusted for age, residence, 

elal. 


Filter-tipped 

7.3 

4.6-11.8 

urban/rural status and 

(1996a) 


Plain 

10.1 

6.4-15.6 

education 

Dc Stefani 

Men and 

Nonstnoker 

1.0 


Adjusted for age, sex, 

eral. 

women 

Filter-tipped 

7.4 

4.2-13.2 

residence (urban/rural), 

(1996b) 


Plain 

10.1 

5.7-17.8 

education, family history of 
cancer and BM1 
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Table 2.1.1.9 (contd) 

Reference Subjects 

Use of filter-tip 

OR 

95% Cl 

Comments 

Rabat Men' 

Kreyberg 1 



'Current smokers: reference 

(1996) 

Switchers (1-9 years) 

0.8 

0 6-1.2 

category untipped only; 

Switchers (> 10 years) 

0.7 

0.5-0.9 

adjusted for cigarettes/day. 


Filter-tip only 

0.7 

0.4-1.3 

age, inhalation and years of 


Kreyberg II 



education 


Switchers (1 - 9 years) 

1.0 

0.6-1.5 

^Reference category; 


Switchers (> 10 years) 

0,8 

0.5-1.2 

untipped and sw itchers 


Filter-tip only 

0.9 

0.4—1.5 

1-9 years 

Women' 

Kreyberg I 

Switchers (1-9 years) 

1.0 

0.5-2.0 



Switchers (2 10 years) 

0.7 

0.4—1.4 



Filter-tip only 

Kreyberg 11 

0.6 

0.3-1.4 



Switchers (> 10 years)* 

1.0 

0.8-1.3 



Filter-tip only 

1.0 

0.6-1.5 


Stellman Men' 

see 



'Current smokers 

elal. 

Switched 

0.9 

0.7-1.0 

Reference level, lifetime 

(I997a,b) 

Lifetime filter-tip 

0.8 

0.5-1,2 

smoker of unlipped 


AC 


0.8-1.3 

cigarettes; adjusted forage, 


Switched 

1.0 

0.7-I.5 

education and number of 


Lifetime filter-tip 

1.0 

cigarettes/day 

Women* 

sec 

Switched 

0.6 

0.3-0.99 



Lifetime filter-tip 

AC 

0.4 

0.2—0.8 



Switched 

1.2 

0.7-2.0 



Lifetime filter-lip 

0.9 

0.5-1.7 


Wakai el al. Men' 

With filter-tip 

1.0 


'Current smokers; adjusted 

(1997) 

Without filter-tip 

1.0 

0.3-3.2 

for age, age at start, 
cigarettes/day. fraction 
smoked/cigarette, cigarette 
type and smoke inhalation 

Khuder Men 

Filter-lipyes 

5.3 

3.3-84 

Reference level, nonsmoker 

elal. (1998) 

Filter-tip no 

114 

7.3-18.0 


Armadans- Men 

Lifetime filter-tip 



Adjusted for age and 

Oil etal. 

Never 

1.0 


cumulative cigarette 

(1999) 

Mixed 

1.0 

0.6-1.6 

consumption 


Always 

0.7 

0.4—1.2 


Agudo elal. Women 

Never-smoker 

1.0 


Adjusted for age and centre; 

(2000) 

Only filter-lip 

3.4 

2.9-4.1 

never-smoker included 


Untipped + mixed 

7.5 

6.0-9.3 

smokers who had smoked 





< 400 cigarettes in their 
lifetime. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.10, Case—control studies on tobacco smoking and lung cancer: tar levels in cigarettes 


Reference 

Subjects 

H istology/defini- 
tion of smokers 

Odds ratio 




Comments 

Wi Jcox ct al. 

Men 

All histologies 

Ay. mg tar/cigarette (1973-80) 



Adjusted for intensity and duration of 




<14 14.1^17.5 

17.6-21.0 

21.1-28,0 


smoking 




0*61 1.04 

1.21 

1.0 



Kaufman 

Men and 

All histologies 

Av. mg tar/c igareUe 

<22 

22—28 

> 29 

Adjusted forage, sex, ethnicity, religion. 

et al. ( 1 989) 

women 


All cigarettes 

1 

1.9 

3.1 * 

education and interview 




Cigarettes smoked at 

1 

3.0* 

4.0* 





least 10 years before 








admission 





Zang & 

Men 

Kreyberg I 

Kg tar 1—2 

3-5 

6-8 

>9 

Kg tar: cumulative measure for lifetime 

Wynder 


Current smoker 

17.3 

29.7 

38.7 

60.2 

exposure 



Former smoker 

7.3 

19.9 

20.0 

38.3 

Reference level, never-sifioker; adjusted 



Kreyberg // 





forage; no Cl provided 



Current smoker 

6.5 

6.5 

10.1 

12.8 




Former smoker 

2.6 

4.4 

6.2 

7.3 



Women 

Kreyberg / 








Current smoker 

23.1 

47.6 

58.9 

102.9 




Former smoker 

7.9 

15.3 

33.2 

22.9 




Kreyberg // 








Current smoker 

8.3 

15.1 

1 1.6 

16.3 




Former smoker 

3.2 

4.8 

8.5 

6.8 





Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,1.1.10 (contd) 


Reference 

Subjects 

Hisiology/defini- 
tion of smokers 

Odds ratio 




Comments 

Harris et a!. 
(1993) 

Men 

Kreyberg I 

Kg tar 0 

t—4 

5-8 

> 9 

All linear trends statistically significant 


White 

Current smoker 

1.0 

l 1.7* 

24.5* 

54.3* 

at p < 0.01; adjustment not clear 




Ever-smokcr 

Black 

1.0 

6.8* 

20.2* 

42.6* 




Current smoker 

1.0 

12.8* 

25.1* 

55.4* 



- 

Eve r-smo ke r 
Kreyberg 11 

1.0 

10.0- 

23.6* 

47.0* 




White 

Current smoker 

1.0 

5.7* 

8.3* 

13J* 




Ever-smoker 

Black 

1.0 

3.1* 

6.5* 

10.1* 




Current smoker 

1.0 

10.5* 

18.6* 

24.9* 




Ever-smoker 

1.0 

8.3* 

15.2* 

24.0* 



Women 

Kreyberg I 

White 








Current smoker 

1.0 

13.8* 

41.0* 

108.7* 




Ever-smoker 

Black 

1.0 

8.7* 

34.9* 

75.8* 




Current smoker 

1.0 

12.4* 

72.3* 

120.0* 




Ever-smoker 

Kreyberg 11 

White 

1.0 

11.2* 

83.8* 

146.7* 




Current smoker 

1.0 

5.6* 

1 1.4* 

24.5* 




Ever-smoker 

Black 

1.0 

3.9* 

9.8* 

17.9* 




Current smoker 

1.0 

3.0* 

18.7* 

29.1* 




Ever-smoker 

1.0 

3.4* 

20.8* 

29.1 * 



Table 2.1.1.10 (contd) 


Reference 

Subjects 

HjstoJogy/deftni- 
tlon of smokers 

Odds ratio 



Comments 

Benhamou 

Men 


°/o years smoking cig. 



Reference level, lifelong smokers of 

et at. (1994) 



> 30 mg tar 

<5 1% 

51 -75% > 75% 

light, imported cigarettes with unknown 










Use of high-tar 
cigarettes 
(:> 30 mg) 


2.4* 

3.0* 3.0* 

consumption and duration of smoking 

Kabat (1996) 



Quartile tar intake (95% Cl) 

Reference level, never smoker and first. 




2 

3 

4 

quartile; adjusted for age, education. 


Men 

White 

1.9 (1.6-2.2) 

2.9 (2.5-3.5) 

4.3 (3.6—5.2) 

time period, hospital and smoking status 



Black 

2.3 (1.4-3.7) 

5.0 (2.9-8.5) 

5.7 (3.0-10.9) 



Women 

White 

2.3 (1.8-2.9) 

4.5 (3.5-5.8) 

5,3 (4.1—6.8) 




Black 

2.1 (1.0-4.2) 

5.1 (2.4-1 1.5) 

12.8 (4.3-38.7) 


Zang & 



Kg tar 1-2 

3-5 

6-8 >9 

Current smokers only; reference level, 

Wynder 

Men 

SCC 

33.1* 

36.8* 

54.3* SI.5* 

nonsmoker. All dose—response trends 

(1996) 


AC 

7.1* 

6.8* 

12.4* 14.7* 

statistically significant. Dose—response 
for women was statistically significantly 


Women 

SCC 

24.5* 

38.5* 

56.2* 129.3* 

higher than for men. 



AC 

11.6* 

13.9* 

25.4* 33.3* 


Cl, confidence interval; Kreyberg I, squamous-cell carcinoma, large-cell, oat-cell and small-cell carcinoma; Kreyberg (I, adenocarcinoma and alveolar-cell 
carcinoma; SCC, squamous-cell carcinoma; AC, adenocarcinoma 
< 0.05 


hJ 

-fc. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.1.11. Case—control studies on tobacco smoking and lung cancer: type of tobacco 


Reference 

Subjects 

Type 

Odds ratio 

95% Cl 

Benhamou et at. 

Men 

Light 

1.0 


(1989) 


Mixed 

2.0 

0.9—4.2 



Dark 

2.5 

1.3—5.1 



Manufactured 

1.0 




Mixed 

1.2 

0.9-1.6 



Hand-rolled 

i .2 

0.8—1.7 

De Stefani et a!. 

Men 

Manufactured cigarettes 



(1994) 


Blond 

1.0 




Black 

2.1 

1.1-3,9 



Hand-rolled cigarettes 





Blond 

1.0 




Black 

1.2 

0.9—1.7 

Suzuki et al. 

Men and 

Cigarettes only 

to 


(1994) 

women 

Black tobacco and 

2.8 

l. 0-7.7 



cigarettes 



Dc Stefani et ul. 

Men 

Blond 

6.1 

3.8-9.8 

(1996a) 


Mixed 

13.6 

7.7-23.9 



Black 

10.9 

6.8-17.4 

De Stefani et at. 

Men and 

Blond 

4.7 

2.6-8.6 

(1996b) 

women 

Black 

11.2 

6.4-19.3 

Matos et al. 

Men 

Only blond 



(1998) 


1—14 cig/day 

0.6 

0.2-2.2 



15—24 cig/day 

8.4 

3.7-18,9 



> 25 cig/day 

7.7 

3.5-16.7 


Com men is 


Adjusted for age and duration of smoking 


[Adjustment variables not slated] 


Adjusted for age, residence, education, pack- 
years and cessation 


Adjusted for age, sex, race and pack-years, 
excluding nonsmokers; black tobacco smoked 
in the form of hand-rolled cigarettes 

Reference level, never-sraoker; adjusted for 
age, residence, urban/rural status and education 

Reference level, nonsmoker; adjusted forage, 
sex, residence, urban/rural, education, family 
history of cancer and body mass index 

Reference level, nonsmoker; adjusted for the 
design variables, age and hospital 


-e»- 

GO 


Table 2.1.1,21 (contd) 


Reference 

Subjects 

Type 

Odds ratio 

95% Cl 

Comments 



Duration 






1—24 years 

1.9 

0.7-5.0 




25—39 years 

5.7 

2.6-12.5 




> 40 years 

10.1 

4.3-23.8 




Only black 






1 — 14 cig/day 

2.7 

0.6-11.5 




1 5—24 cig/day 

6.8 

3.9-32.7 




>25 cig/day 

12.9 

5.2-45.0 




Duration 






1 —24 years 

1.2 

0.2-6.3 




25—39 years 

1 1 .3 

3.9-32.7 




> 40 years 

15.5 

5.2^5.0 


Armadans-Gil 

Men 

Blond 

1.0 


Adjusted for age and cumulative cigarette 

et al. (1999) 


Both 

4.9 

1.7-13.7 

consumption 



Black 

5.3 

2.1-13.6 


Agudo et al. 

Wo men 

Only blond 

3.1 

2.5-3.7 

Reference level, never-smoker and smokers 

(2000) 


Dark + mixed 

10.4 

7.9-13.6 

who had smoked less than 400 cigarettes in 






their lifetime; adjusted for age and centre 

Simonato et al. 

Men 

Only blond 

1.0 


Adjusted for age. education and centre 

(2001) 


Mixed 

2.2 

\ .7-2.9 




Only black 

1.6 

1.1-2.3 



Women 

Only blond 

1.0 





Mixed 

3.9 

2.6-5.S 




Only black 

4.8 

3.1-7.4 



Cl, confidence interval 


SO 


3006392114 
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Table 2.1.1.12. Case—control studies on tobacco smoking and lung cancer: degree of Inhalation 


Reference 

Subjects 

Inhalatj On 

Odds ratio 

95% Cl 

Comments 

Osann (1991) 

Women 

No 

1.0 


Adjusted for age 



Yes 

9.6 

5.0-18.5 


Pezzotto et at. ( 1993 ) 

Men 

Slight or moderate 

1.0 


Adjusted for age, hospital, duration and 



Deep 

0.9 


intensity of cigarette smoking 

Benhamou et al. 

Men 

No 

1.0 


Adjusted for age and smoking variables 

(1994) 


Moderate 

1.2 

0.9—t .6 




Deep 

1.5 

1.2-1.8 


Sobu e et al. (1994) 

Men 

AH histological types 

1.2 

0.9-1.6 

Reference level, no inhalation; adjusted 



SCC 

1.0 

0.7-1.6 

for number of cigarettes/day, duration. 



AC 

1.4 

0.9-2.0 

fraction smoked per cigarette, filter 



SCLC 

. 1.4 

0.8—2.6 




Large-cell carcinoma 

1.8 

0.7—4.4 


Suzuki et al. (1994) 

Men and 

No or slight 

1.0 


Adjusted for age, sex, race and pack— 


women 

Deep 

2.6 

1.3-5.4 

years, excluding nonsmokers 

Rachtan &. 

Women 

No 

4.5 

2.2-9.5 

Reference level, never-smoker; adjusted 

Sokolowski (1997) 


Yes 

8.7 

4.5-16.7 

for age 

Wukai et al. (1997) 

Men 

All histological types 



Reference level, no inhalation; adjusted 



Moderate 

1.1 

0.6—2.0 

for age, age at starting smoking, number 



Deep 

2.1 

1.1-3.8 

of cigarettes per day, fraction of a 



sec 



cigarette smoked and cigarette type 



M oderate 

1.2 

0.6-2.4 




Deep 

1.9 

0.9-4.3 




AC 






Moderate 

1.3 

0.6-2.S 




Deep 

3.0 

1.3-7.0 



Table 2.1.1.12 (coi 

ritd) 





Reference 

Subjects 

Inhalation 

Odds ratio 

95% cr 

Comments 

KLhuder et al. (1998) 

Men 

No 

Yes 

1.4 

15.4 

0.8-2.4 

9.8-24.0 

Reference level, nonsmoker; unadjusted 
odds ratios 

Agudo et al. (2000) 

Women 

Never inhaled 

Hver inhaled 

2.5 

6.9 

2.0-3.1 

5.9—8.2 

Reference level, never-smoker and 
smokers who had smoked less than 400 
cigarettes during their lifetime; adjusted 
for age and center 

Rachtan (2002) 

Women 

No 

Yes 

5.8 

12.4 

3.5-9.6 
7.9-19.2 

Reference level, nonsmoker; adjusted for 
age 


Cl, confidence interval; SCC, squamous-cell carcinoma; AC, adenocarcinoma; SCLC, small-cell carcinoma 


KJ 




30063921 
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Tabic 2.1.1.13. Case—control studies on tobacco smoking and lung cancer; histology 


Reference 

Subjects 

Histology 

Odds ratio (95% Ci> 




Comments 

D amber & Larsson 

Men 


Duration (years) 

<l 30 

31—40 

4)-30 

>31 




SCC 


4.4* 

8.4* 

13.8* 

16.7* 

Adjustment variables not 



SCLC 


3.6 

1 0.5* 

19.6* 

2S.1* 




AC. alveolar^cell 


1.8 

1.2 

3.4* 





carcinoma, branchiolar 









carcinoma 







Gaw at at. (1988) 

Men 

SCC 

Duration (years) 

J-29 

30-39 

>40 


Reference level, lifelong 



t —19 cig/day 


LI 

5.2 

7.0 


nonsinoker; adjusted for age 



20—29 cig/day 


4.0 

12.6 

13.6 





5 30 cig/day 


6.1 

22. L 

25.0 


interval or statistical 



AC 






significance not provided 



1—1 9 cig/day 


0.8 

1.6 

1.9 





20—29 cig/day 


0.9 

2.4 

2.4 





> 30 cig/day 


0-7 

4.2 

5.5 




Women 

see 

Duration (years) 

1-29 

5 30 






1—19 cig/day 


1.9 

2.7 






20—29 cig/day 


4.7 

7.0 






> 30 cig/day 


16.2 

42.4 






AC 









1 — 19 cig/day 


0.7 

1.2 






20—29 cig/day 


1.3 

1.4 






5 30 cig/day 


7.0 

3.5 




Schoenberg et at. 

Women 


Cigarcttes/day 

< 20 

£ 20 

< 20 

> 20 

All ratios statistically 




Duration (years) 

c 33 

< 33 

>35 

5 33 

significant at 5% level. 



SCC 


2.7 

7.7 

12.0 

21.4 

Adjusted for age. race and type 





19-0 

40.6 

62. S 

140.0 

of respondent 



AC 


2-0 

3.4 

3.9 

6.8 


Svensson et al. 

Women 


Cigaranes/day 

1-10 

11-20 

>21 



(1989) 


see 


9.7* 

36.2* 

59.0* 


adjusted for age 



SCLC 


33.7* 

72.1* 

215.8* 





AC 


2.2 

5.4* 

19.7* 




Table 2,1.1.13 (contd) 
Reference Subjects 

Xu etui. (1984) Men 


Women 


Wu-WiJ liams c/ at. Women 
(1990) 


Morabia Sc Wynder Men* 
(1991) 


Women * 


Histology 


Odds ratio (95% Cl) 


Comments 


SCC/SCLC 
1—19 eig/day 
20—29 cig/day 
> 30 cig/day 
AC 

1-19 cig/day 
20—29 cig/day 
& 30 cig/day 
SCC/SCLC 
1-19 cig/day 
5 20 cig/day 
AC 

L—19 cig/day 
2 20 cig/day 
SCC/SCLC 
1-19 cig/day 
£? 20 cig/day* 
AC 

1-19 cig/day 
5 20 cig/day T 


SCC 

SC.LC 

Largc-ccIL 

AC 

SCC 

SCLC 

Large-cell 

AC 


Duration (years) 

1-29 

30-39 

5 40 

Reference level, nonsmoker; 


2.3* 

2.9* 

5.6* 

adjusted Cor age and education 


2.6* 

3.9* 

10.4 + 



7.7 + 

8.3* 

31.2* 



1.4 

2.2* 

2.6* 



0.7 

1.5 

3.6* 



5.4* 

3.2* 

1 1.8* 



1.8* 

4.2* 

5.3* 



2.5 

2.4 

19.9* 



0.9 

2.2* 

1.9* 



- 

3.7* 

6.8* 


Duration (years) 

t~29 

30-39 

>40 

Reference not staled [probably 


2.0* 

3.9* 

4.7* 

nonsntokersj 


2.0 

3.8* 

12.0* 

+ Only 9% of Die coses nnd 4% 





of the controls smoked more 


0.8 

1.7* 

2.0* 

than 20 cigarettes per day. 


0.8 

3.8+ 

2.8* 


C igarettetUdity 

1-19 

20-29 

5 30 

Adjusted for age, race and 


1.0 

1.6 

2.3* 

state 


1.0 

6.0* 

5.5* 

+ Current smokers 


1.0 

1.1 

1.0 



1.0 

1.7 

1.9* 



1.0 

1.5 

2.7* 



1.0 

1.8 

3.2* 



1.0 

1.9 

1.4 



1.0 

1.3 

1.5 



3006392116 
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Table 2.1.1.13 (contd) 


Reference 

Subjects 

Histology 

Osann (1991) 

Women 

Kreyberg 1 

Kreyberg II 



Kreyberg I 
Kreyberg If 

Jedrychowski et at. 
(1992) 

Men 

Kreyberg I 
Kreyberg fl 

see 

SCLC 

AC 



see 

SCLC 

AC 

Zang & Wyndcr 
(1992) 

Men 

Kreyberg 1 
Current smoker 
Former smoker 
Kreyberg II 
Current smoker 

Former smoker 


Women 

Kreyberg 1 
Current smoker 
Former smoker 
Kreyberg 11 
Current smoker 
Former smoker 


Odds ratio (95% CI> 


Comments 


Pack/day 


Duration (years) 


Inhalation 


C igaret/es/day 


Duration (years) 


C igare t tes/day 


< / 

12.1 (1.5—96,3) 
0.9 <0.3—2.7) 

j£20 

4.9 (0.5—44.6) 
0.7 <0.2-1.9) 

Mo 

13.3 (1.7-106) 
0.6 (0.2-1.9) 


1-19 

20-29 

7.5* 

13.5* 

7.8* 

t 1.6* 

2.2 

4.4* 

1~19 

20-39 

5.8* 

12.4* 

5.5* 

1 1.4* 

l.I 

3.5* 

}-W 

11-20 

14.4 

22.3 

4.1 

9.0 

3.9 

6.0 

!.0 

3.5 

7.5 

33.6 

1.2 

13.8 

3.6 

9.3 

2.2 

5.0 


/ 

71.2 (8.3-609) 
3.8 (1.6-8.8) 

> 20 

101.1 (8.3-1230) 
4.1 (1.8-9.4) 
Yes 

52.0 (6.6-408) 
3.5 (l.5-8.0) 
2:30 


21,4* 

16.8* 

5.1* 

2 40 

13.0* 

11.8* 

4.4* 

21-dO 

241 

41.4 

74.0 

16.6 

23.5 

10.3 

15.8 

5.6 

4.6 

76.0 

153.9 

14.2 

12.4 

20.5 

30.5 

5.4 

1.8 


Reference level, never-smoket 
(7 cases and 58 controls for 
Kreyberg |): adjusted for age 


Adjusted for age, education 

and occupation 


[Adjustments not clear] 


Odds ratios adjusted for age; 

no Cl provided 


Table 2.1,1,13 (contd) 


Reference 

Subjects 

Histology 

Odds ratio (95% Cl) 



Comments 

Ger etal . (1993) 

Men and 


Cigare ttex/day 

7- 10 

n- 2 o 

221 



women 

AC (H) 


0.8 

1-04 

0.7 

Matched odds ratios (see Table 



AC (N) 


0.8 

L7 

1.05 

2. 1 . 1 . 4) 



SCC + small-cell (H) 


1.8 

3.6* 

20.9*^ 

+ Based on 19 cases/6 hospital 



SCC + small-cell (N) 


2.3 

2.9 

19.B* T 

and 7 neighbourhood controls 




Duration (years) 

1-30 

2 31 


nons inokers 



AC (H) 


1.4 

0.6 





AC (N) 


1.4 

1.06 





SCC ■+■ small-cell (II) 


1.9 

6.0* 





SCC + small-cell (N) 


1.3 

6.8* 



Osann et al, (1993) 

Men 


Pack/day 

< 2 


22 




SCC 


35.3 (17.0-73.3) 

76,0 (36.8-157) 

Adjusted for age and race 



AC 


16.5 (9.3- 

■29.3) 

37.5 (21.3-66.0) 




SCLC 


27.6 (9.8- 

77.4) 

95.3 (34.7-262) 



Women 

SCC 


24.0 (12.7-45.5) 

72.3 (36.8-142) 




AC 


8.8 (6.1- 

12.8) 

24.2(15,8-37,2) 




SCLC 


76.7 (27.5 

i-2 1.5) 

316.1 (11 1-900) 


Pezzoilo tf t al. 

Men 


Ciga rettes/dciy 

< 21 

21-40 

> 40 

All odds ratios adjusted forage 

(1993) 


SCC 


1.0 

9.7* 

15.4* 

and hospital 



AC 


1.0 

I 1.6* 

11.6* 

Cigareites/day: also adjusted 





1.0 

14.9* 

54.2* 

for years of cigarette smoking 




Duration (years) 

■c 31 

31-40 

> 40 

Duration: also adjusted for 



SCC 


1.0 

9.7* 

1 1.2* 

intensity of smoking 





1.0 

3-5* 

4.7* 

Years since cessation: 



SCLC 


1.0 

1.2 

3.5 

reference level, current smoker; 




Years since cessation 

1-10 

> 10 

also adjusted for intensity of 



see 



0-8 

0,05* 

smoking 



AC 



0.2* 

008* 




SCLC 



0.2* 

0.007* 



ro 
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Table 2.1.1,13 (confd) 


Reference Subjects 


Risch etal. (1993) 


Men 


Women 


De Stefani et df. Men, 

(1994) smokers 


Sobue et til. (1994) Men 


Histology 


SCC 

AC 

SCLC 


AC 

sec 


SCLC/large-cell 
Giant-cell carcinoma 
AC 
SCC 

SCLC/large-cel I 

Giant-cell carcinoma 


AC 

SCC 

SCLC 

Large-cell carcinoma 


AC 

SCC 

SCLC 

Large-cell carcinoma 

AC 

SCC 

SCLC 

Large-cell carcinoma 


Odds ratio (9 5°/i, Cl) 


Filter Yes 

1,0 

1.0 

1.0 


No or vexj/fio 

4.9 + 

2 . 6 + 

4.0* 


Fver versus never 


8 . 00 * 
18.00* 
6 . 33 * 
6 . 00 * 
3.45* 
25.S* 
4.8 + 
6.50+ 


Current smokers at 40 pack-years 
versus non-smoker* 

5.44* 

15.5* 

14.9* 

1 1.7+ 

8 . 75 * 

101.0* 

87.3* 

18.0* 


Comments 


Filter: also adjusted for 
intensity and duration of 

smok ing 


f Boiti cumulative cigarette 
consumption and duration 
since cessation were modelled 
as continuous variables and 

were included simultaneously 
in the models. 


Mixed cigarettes 


Hand-rolled 


Reference level, jtui nu feetured 



Life-time 

Ever 

cigarettes; adjusted for age. 

3.3 


t .8 

2 . 3 * 

residence, pack—years. 

1.6 


0.9 

1.2 

cessation and type 

5.3 


4 . 1 * 

4 . 5 * 

(black/blond); mixed: manu¬ 

1.4 + 


0.6 

0.8 

factured or hand-rolled. 

CigarettesJdoy 

1-19 

20-29 

2 30 

Adjusted for duration, fraction 


1.0 

1.2 

1.2 

smoked per cigarette, filter-tip 


1.0 

1.5 

1 . 9 + 

and inhalation 


1.0 

0.8 

2 . 3 + 



1.0 

2.1 

2.6 


Duration (years) 

1-29 

30-39 

40-49 250 


1.0 

J.l 

2 . 0 * 2.1 + 



1.0 

2.1 + 

4.3* 8.0* 



1.0 

2.4 

4.3+ 7.6* 



1.0 

1.3 

2.1 1.6 



Table 2.1.1.13 (contd) 


Reference 

Subjects 

Histology 

Odds ratio (95% Cl) 






Comments 

Shimizu et ai. 

Men 


C igardtesAda y 

1-20 

>21 




Reference level, nonsmoker; 

(1904) 


AC 


3.1 

2.1 




adjusted for age and education 



Central SCC 


5.0+ 

18.6* 







Peripheral SCC 


8.2 + 

15.5* 








Duration (years) 

1-40 

>41 







AC 


II 

2.2 







Central SCC 


5.1 + 

16.5* 







Peripheral SCC 


6.0+ 

20.7* 





Rabat (1996) 

Men’ 


C igarettes/day 

1-10 

11-20 

21-30 

■ 31-40 

>41 

’Only current smokers 



Kreyburg l 


13.3* 

15.8* 

29.6* 

37.7* 

64.1* 

Reference category, never- 



Kreyberg 11 


2.4* 

8.4* 

15.4 + 

11.1* 

. 18.4+ 

smoker 


Women’ 

Kreyherg I 


6.6* 

18.2* 

26.5* 

95.2* 

88.7 + 

(Adjustments not stated] 



Kreyberg J1 


3.1* 

4.5 + 

9.4* 

13.4 + 

20.7* 


Xu et al. (1996) 

Men 

SCC 

Duration (years) 


f-29 

30-39 

>40 


Adj us ted Tor age and 



t —19 cig/day 



2.3* 

2.9* 

5.0+ 


education 



20-29 cig/day 



2.6* 

3.9* 

10.4 + 





S 30 cig/day 



7.7 + 

8.3* 

31.2 + 





AC 










1-19 cig/day 



1.4 

2.2 + 

2.6* 





20-29 cigftfoy 



0.7 

1.5 

3.6* 





i 30 cig/day 



S.4* 

3.2* 

1 1.8+ 




Women 

SCC 










1—19 cig/day 



1.8* 

4.2* 

5.3* 





> 20 cig/day 



2.5 

2.4 

19.9* 





AC 










l 19 cig/day 



0.9 

2.2* 

1.9* 





i 20 cig/day 



- 

3.7* 

6.8* 



Yu & Zhao (1996) 

Men and 

AC 

\ .0 ( 0.9—] .2) 






Meia-analysis of 15 studies 


women 

SCC 

4.8 ( 4.0-5.7) 








Women 

AC 

1.1 (0.8-1.4) 






Meta-analysis of 12 studies 



see 

7.4 ( 4.2-10.7) 
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Table 2.1.1.13 (contd) 



Reference 


Zang & Wynder 
(1996) 


Darbonc et al. 
(1997) 


Subjects 

Histology 

Odds ratio (95% C() 






Mon 


Pack—years 

1-19 

20-39 

40—49 

>50 





6.5* 

24.1* 

48.9* 

82.1* 



AC 


2.4* 

5.6* 




Women 

see 


1 1 .9* 

26.4* 

48.8* 

95.2* 



AC 


6.8* 

1 1.2* 

21.4* 

32.7* 




Mast recent no. 

1-10 

11-20 

21-40 



Men 

see 

of cigarette? 

14.1* 

16.0* 

38.9* 

66.8* 



AC 

smaketl/da r 

4.4* 

7.2* 




Women 

see 


9.3* 

33.0* 

74.9* 

85.3* 



AC 


4.5* 

14.2* 

27.2* 

34.3* 


Men 


Cigarettes/day 

1-9 

10-19 

20-29 

30-39 

>40 




3.9* 

13.2* 

15.2* 

18.5* 

23.4* 


SCLC 


1.1 

9.2* 

1 1.8* 

13.4* 



AC 


2.2 

7.4* 

6.5* 

9.7* 

9.6* 



Duration (years) 

1-29 

30-39 


40-49 

>50 




2.1 

9.6* 


14.6* 

21.2* 


SCLC 


3.1* 

8.8* 


12.6* 

15.5* 


AC 


3.7* 

5. J * 


8.2* 

8.3* 



Age at Start (years) 

>20 

15-19 


< 15 



see 


9.4* 

13.7* 


71.3* 



SCLC 


8:s* 

10.4* 


47.5* 



AC 


5.7* 

6.0* 


33.4* 




Years since 

>25 

15-24 

5-14 

1-4 



see 

cessation 

1.9 

8.1* 

1 1.9* 

18.7* 



SCLC 


2.2 

7.6* 

7.7* 

10.9* 

14.5* 




l.S 

4.6* 

7.3* 

9.4* 

8.2* 


Comments 


Only current smokcra; 
reference level, nonsmokcr; 
odds ratios adjusted lor age 


The dose—response 
relationships for women were 
statistically significantly 
higher than those for men. 


Reference level, non smoker; 
adjusted for age 


Table 2.1.1.13 (contd) 


Reference 

Subjects 

Histology 

Odds ratio (95% Cl) 


C women is 

Dosemeci et al. 

Men 


Cigarel tes/ciay 

1-10 11-20 >21 

Adjusted for age and alcohol 

(1997) 


see 


2.6* 3.2* 7.0* 

use; fur nil types p tor trend 



SCLC 


1.7 5.0* 13.5* 

<0.001 



Olher histology 


1.8 2.7* 3.2* 





Dural tan (years) 

1- 10 1i-ZO >21 




SCO 


1.2 3.9* 4.9* 




SCLC 


1.7 7.0* 8.4* 




Other histology 


U.8 3.3* 4.L* 


Pohlabcln et al. 

Men 


Years since cessation 

Reference level, current 

(1997) 



< i 1 

2-5 6-/0 11-20 >20 

smoker; adjusted for age. 



SCLC 

16.8* 4.0* 

1.2 0.4 0.4* 0.1* 

region of residence and pack- 



see 

19.9* 6.8* 

1.6 1.0 0.3* 0.1* 

years 



AC 

24.1* 10.2* 

1.8 1 ,<> 0.8 OS 


Schwartz & 

African- 


Age 40—54years 

55 84years 

Risk for African Americans 

Swanson (1997) 

American 

All lung carcinoma 

3.2 (2-5.1)" 

0.9 (0.8- l.l) 

compared with whiles: odds 


men 

AC 

2.8 (1-6-5.1) 

0.9 (0.7- l.l) 

ratios adjusted for age. 



see 

4.0 (2.2—7.2) 

1.1. (0.9—1.4) 

education, number of 



Laryc-cell carcinoma 

2.1 (0.9—4.8) 

l.l (0.7-1.6) 

cigarettes smoked, number of 



SC LC 

2.5 ( 1.2—4.9) 

0.7 (0.5-1) 

years of smoking and number 


Women 

All lung carcinoma 

1.3 (0.8-2.1) 

UO (0.8-1.2) 

of years since quilting 



AC 

0.9 <0.5-1.8) 

0.9 (0.7-1.2) 




see 

3.7 <2.5-8.9) 

1.3 (1-19) 




Large-cell carcinoma 

1.6 <0 4-6.4) 

0.5 (0.2- 1) 




SCLC 

2.7 (1.0-7.3) 

0.9 (0.6-1.3) 


Wakai et al. (1997) 

Men 


C'igare ttes/ctay 

1-19 20-29 >30 

Current smokers; reference 



sec; 


3.9* 10.4* 24.0* 

level, nonsmoker; adjusted 



AC 


1.2 1.9 4.5* 

for ago 




Years since cessation 5—9 10-/9 >20 




see 


7.5* 8.9* 2.0 




AC 


1 .2 2.5 0.5 
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Table 2.1. 1 .13 (contd) 


Reference _Subjects histology 


Khuder et al. Men 

(1998) scc 

SCLC 
AC 

SCC 

SCLC 

AC 

scc 

SCLC 

AC 

SCC 

SCLC 

AC 

Matos el at. { 1998) Men 

SCC 

AC 

see: 

AC 

Kreuzer ert at. 

(2000) Men SCLC 

scc 

AC 

Women SCLC 

SCC 
AC 


Odds ratio (95% Cl) 


C igctftrt t cry/tto i ■ 


Duration (years/ 


Age at start (years) 


1 

1-29 


>40 
8.7* 
I 1-5* 
3.5* 
>30 
1.9 
2.6 
2.7* 

16-19 

0.8 

1.6 

0.7 

No 

0 . 6 * 

l.l 

0 . 6 * 


< 16 
1.0 
3.0* 
0.8 


Cigarettcx/tfay • 

f—14 

15-24 

2:25 


1.4 

7.8* 

9.7* 


2.8 

7.0* 

8.4* 

Duration (years) 

1-24 

25-39 

^ 40 


1.2 

5.8* 

18.5* 


1.7 

7.3* 

10.7- 

Cigarenes/day 

< 15 

15-29 

.> 30 


1.0 

2.2 

2.6 


1.0 

2.2 

3.0 


1.0 

1.6 

1.6 


1.0 

2.0 

4.7 


1.0 

1.8 

3.8 


1.0 

2.7 

4.6 


Comments 


Adjusted tor duration, 
number of cigAreltes/day. age 
at Start and wjielhur or not 
subject had quit smoking 


Adjusted for age and hospital 


Reference level, occasional 
smoker; 95% Cl not 
provided; adjusted fur aye. 
centre and dural ion/a verage 
amount of smoking and time 
since quitting 




Table 2.1.1.13 (contd) 


Reference 

Subjects 

Histology 

Odds ratio (95% Cl) 





Comments 

Kreuzcr et al. 



Duration (years) 

< 20 

20-39 

>40 



(2QOO) (contd) 

Men 

SCLC 


1.0 

3.3 

3.8 





SCC 


1.0. 

3.2 

4.1 





AC 


1.0 

3.4 

4.0 




Women 

SCLC 


1.0 

3.9 

3.6 





SCC 


1.0 

2.4 

4.2 





AC 


1.0 

2.2 

2.3 



Lee vi al (200 1 ) 

Men and 


C igarettes/eiay 

1-10 

J 1-20 

2 21 




women 

scc/sclc 


2.9* 

3.1* 

5 6* 





AC 


1.6 

2.0 

2.9* 






Duration (years) 

1-30 

31-40 

>41 


Adjusted lor education, 



SCC/SCLC 


2.8* 

4.3* 

5.0* 


residence, socioeconomic 



AC 


1.7 

1 .8 

3.0* 


status 




Age siarteci (years) 

> 20 

12-20 






SCC/SCLC 


4.0* 

4.3* 






AC 


1.6 

2.8* 







Inhalation 

Light! 

Deep* 

Light 

Deep 

f “Uncertain but light more* 



SCC/SCLC 


1.6 

5.0 

3.4* 

6.X* 

[sic} 



AC 


J .6 

0.7 

1.9 

2.5* 

J “Uncertain hut deep more' 
Isle) 

Sim on a to et at. 



Former smoker 

Current 




Reference category, non- 

( 2 oc» n 




smoker 




smoker; adjusted forage. 


Men 

SCC/SCLC 

16.2 

57.9 




education and centre 



AC 

3.5 

8.D 






Women 

SCC/SCLC 

3.8 

18.2 







AC 

L.l 

4.1 
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Table 2.1.1.13 (contd) 

Reference Subjects HisLology Odds ratio (95% Cl) 
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TOBACCO SMOKE 


Table 2.1.1.14. Approximate 2 effects of various durations of 
cigarette smoking on annual excess incidence of lung cancer 


Years of cigarette 
smoking 

Annual excess incidence 


Moderate smokers (%) 

Heavy smokers (%) 

15 

0.005 

0.01 

30 

0.1 

0.2 

45 

0.5 

1 


1 Estimated by Peto and Doll (1984) from the model reported by Doll and Pelo 
(1978) fitted to incidence data for male UK doctors 
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2 1.2 Cancer of the lower urinary tract 

The ‘lower urinary tract’ comprises the renal pelvis, ureter, bladder and urethra. 
Cancers originating in the urothelium at these sites are mostly transitional-cell carcinomas 
or squamous-cell carcinomas. These cancers are discussed together, unless a particular 
distinction has been made in the studies that were considered. 

jn the previous IARC. Monograph on tobacco smoking (IARC, 1986), cancer ot the 
[ovver urinary tract was identified as being causally associated with cigarette smoking. 

(a) Analytical studies 

Results in support of the association of cigarette smoking with cancer of the lower uri¬ 
nary tract have been reported from cohort studies conducted in the United Kingdom 
(British Doctors’ Study), Sweden (Swedish Twin Registry Study, Swedish Census Study), 
Norway (Norwegian Cohort Study), Iceland (Reykjavik Study), the USA (American 
Cancer Society Study, US Veterans’ Study, Californian Study, Cancer Prevention Study I, 
American Men of Japanese Ancestry Study, MRTTT Study, Adventists’ Health Study), 
Canada (Canadian War Veterans’ Study), China (Shanghai Men’s Study), China, Province 
of Taiwan (Taiwanese Study), Japan (Life Span Study, Six-prefecture Study, Chiba Center 
Association Study). The design of these studies is described in the introduction to Section 
2 and Table 2.1. 

The designs of the available case-control studies are summarized in Table 2.1.2.1. 

With the exception of the study by Anthony and Thomas (1970), in Leeds (United 
Kingdom) and the very small study of Liaw and Chen (1998) in China, Province of 
Taiwan, all the others have shown an association between cancer of the lower urinary tract 
and cigarette smoking. Irrespective of the design (cohort, hospital-based or population- 
based case-control), all other studies have found a positive association, and this overall 
result cannot be explained by bias. Potential confounders — in addition to age and gender 
— that may be considered are certain occupational exposures, particularly to aromatic 
amines, and schistosomiasis in developing countries. 

However, Akiba and Hirayama (1990) and Momas el al. (1994a) reported estimates 
adjusted by occupation, which did not differ from other estimates. Two studies from Egypt 
(Makhyoun, 1974; Bedwani etal., 1998) and one study from Zimbabwe (Vizcaino et a!., 
1994) investigated smoking after stratification by billiarziasis (schistosomiasis); the risk 
of cancer of the lower urinary tract in smokers remained elevated after adjustment for uri¬ 
nary bilharziasis. 

(i) Number of cigarettes smoked and duration of cigarette 

smoking 

Tables 2.I.2.2 and2.1.2.3 give the relative risks according to average daily number of 
cigarettes smoked. One case-control study conducted in Leeds, United Kingdom 
(Cartwright et al., 1983), failed to show a clear-cut dose-response relationship in men, 
although a statistically significant overall relative risk nf 1,6 was found. [The Working 
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Group noted that the control group used in this study included patients with tobacco-related 
diseases, a choice that could have biased the result.] Considerable variations in the relation¬ 
ship between relative risks and average daily number of cigarettes smoked are evident. For 
male smokers of more than 20 cigarettes/day, the relative risks tend to be around 5,0 or 
higher in studies in Europe, and lower in studies in America and Japan. High estimates 
have been reported in particular from Uruguay (De Stefani et al., 1991), France (Ciavel 
eld., 1989; Momas et al, 1994b), Denmark (Lockwood, 1961) and Italy (Vineis et al 
1984; Donato eta!., 1997). 

Twelve of the 42 studies with a case-control design and 10/24 of those with a cohort 
design reported a levelling-off of the dose-response curve. This phenomenon can be 
interpreted either as an effect of bias (underestimation of consumption by heavy smokers) 
or as a genuine effect, due, for example, to the saturation of metabolic enzymes (Vineis et 
al., 2000). [The Working Group noted that the wide variations in the dose-response 
relationship could be explained by a number of factors, namely, different study designs, 
different ways of smoking or different types of tobacco smoked. It was noted that the 
apparent levelling-off of the dose-response curve could reflect an artefact in data 
collection, due to under-reporting of levels of consumption by the interviewees.] 

The 24 cohort studies have consistently shown an excess of deaths from bladder 
cancer among smokers; the relative risks were between 3.0 and 5.4 for smokers of 20 or 
more cigarettes/day (Table 2.1.2.2). 

Duration of cigarette smoking showed a positive relationship with relative risks for 
bladder cancer in all the studies that have examined it (Table2.1.2.4). Also, age at starting 
smoking (Table 2.1.2.4) has been found to be positively associated with risk; smokers who 
started smoking at an earlier age were at a higher risk for bladder cancer. However, 
duration, age at starting and age at stopping are closely correlated variables, and few 
studies have tried to disentangle them (Hartge et al., 1993). 

When cancers of the renal pelvis and of the ureter are considered separately, a dose- 
response relationship with daily or cumulative consumption of tobacco is found, and 
i elative risks are similar to those reported for cancer of the bladder (McCredie et al.. 1982. 
1983; McLaughlin etal ., 1983,1992). 

(ii) Effect of stopping cigarette smoking 

A lowering of risk after stopping cigarette smoking is seen in almost all the studies 
(Table 2.1.2.5), and it is particularly evident from studies conducted in the USA (Kahn, 
1966; Wynder & Goldsmith, 1977; Rogot & Murray, 1980; Morrison et al., 1984; Mills 
et al, 1991), Canada (Howe etal, 1980), France (Ciavel et al., 1989), Italy (Vineis el a!., 
1984; D’Avanzo et al, 1990; Donato et al., 1997), Germany (Pomnter et al., 1999), the 
United Kingdom (Doll & Peto, 1976; Cartwright et al., 1983; Morrison et al., 1984), 
Japan (Morrison etal., 1984) and Sweden (Steineck et al, 1988). 


(iii) Type of cigarette and effect of inhaling 

In six studies (Vineis et al., 1984; Ciavel et al., 1989; D’Avanzo et al., 1990; De 
Stefani el al., 1991; Lopez-Abcnte et al., 1991; Momas etal, 1994b) (Table 2.1.2.6), 
separate estimates were reported for the relative risks for lower urinary tract cancers lor 
smokers of black (air-cured) and blond (flue-cured) tobacco. Relative risks for smokers 
0 f black tobacco were 1.5 to two times higher than those for smokers of blond tobacco, 
after adjustment for age, occupation, average daily consumption of cigarettes, years since 
stopping and use of a filter tip. 

A strong effect of inhaling was shown in the studies by Ciavel et al. (1989) and 
Lopez- Abente et al. (1991). A slight effect of inhaling was reported by Cole etal. (1971), 
Howe et al. (1980), Morrison et al. (1984) and Burch et al. (1989) but no! by Lockwood 
(1961) (Tabic 2.12.6). 

The effects of filter-tipped cigarettes have been analysed in several studies, with 
conflicting results (Table 2.1.2.7). A weak effect of filter-tipped cigarettes was reported 
by Howe etal. (1980), Cartwright et al. (1983), Vineis etal. (1984), Lopez-Abente etal. 
(1991) and De Stefani et al. (1991), whereas no difference between the effects of smoking 
filter-tipped and untipped cigarettes was found in the studies by Wynder and Goldsmith 
(1977), Morrison et al. (1984) or Momas e/cr/. (1994b). 

(iv) Histology 

Almost all of Ihe cancers of the lower urinary tract encompassing bladder, renal pelvis 
and ureter are transitional-cell cancers in industrialized countries, but squamous-cell 
carcinomas are common in developing countries. One pooled analysis by Fortuny et al. 
(1999) (Table 2.1.2.3) considered non-transitional-cell bladder cancers, mainly epi¬ 
dermoid cancers, and found elevated relative risks in association with smoking and a 
positive dose-response relationship. A small study in Zimbabwe (Vizcaino etal., 1994} 
found that the association with smoking was present (but nnt statistically signilicant) only 
in transitional-cell carcinomas. 

(b) Population characteristics 
(i) Effect of gender 

Tables 2.1.2.2 and 2.1.2.3 show the relative risks according to the number of ciga¬ 
rettes smoked, by gender. There arc only slight differences between men and women, and 
this holds true for subsequent tables. The differences seem to be attributable more to 
chance (specifically because there have been fewer studies among women) than to real 
differences in susceptibility to the effects of tobacco smoking. 

A population-based study was conducted in Los Angeles, USA, with the aim of 
addressing the gender differences in susceptibility to bladder cancer (Castelao et al., 
2001). The risk for women was statistically significantly higher than that for men 
(p^ 0.016 for interaction). Biochemical evidence was also provided: the slopes of die 
regression lines of 3-ammobiphenyl (3-ABP-) and 4-ABP-haemoglobin adducts by 
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number of cigarettes smoked per day were statistically significantly steeper in women 
than in men Ip < 0,001 and 0.006, respectively). 

(ii) Effect of nice/elhnicity 

Two studies considered the dose-response relationship in both whites and blacks living 
in the USA (Dunham el a!., 1968; bums& Swanson, 1991). One study was conducted in 
Egypt (Makyoun, 1974), one in Iran (Sadeghi et al., 1979), and several were conducted 
among Asians (e.g. Hirayama, 1977; Morrison etai, 1984; Akiba & Ilirayama, 1990 ; Yuan 
et al., 1996). The differences between the various races and ethnic groups observed for the 
dose-response relationship are compatible with chance variation. 

(c) Pooled analysis 

Ihe original data from 11 of Ihe case-control studies of bladder cancer together with 
those from one unpublished study have been analysed together as part of a pooled analysis 
consisting of 3285 cases of bladder cancer (2600 men, 685 women) and 7940 controls 
(5524 men, 2416 women) (Brennan et al., 2000, 2001), These studies were selected as 
they were participating in a parallel reanalysis of data on occupational exposures and 
bladder cancer in Europe. Two case-control studies each were from France, Spain and 
Italy, three from Germany and one each from Denmark and Greece (Vineis e/a/, 1985; 
Rebelakose/a/, 1985; Claude et al., 1986; Jensen et al., 1987;Lopez-Abcnte«/a/, 1991; 
Clavel et al, 1989; Bolin-AudorfT et al., 1993; Hours et al., 1994; Greiser & Molzahn, 
1997; Donato et al 1997; Berra et al., 2000). All studies included both men and women. 

(i) Duration of smoking 

An increasing risk of bladder cancer was observed with increasing duration of 
smoking. The relationship appeared to be approximately linear for both men and women. 
The relative increase in risk was approximately 100% after 10-19 years of smoking (odds 
ratio, 2.0; 95% Cl, 1,5-2.6 for men; odds ratio, 2.2; 95% Cl, 1.4-3.5 for women). 200% 
after 20-29 years of smoking (odds ratio, 3.1; 95% Cl, 2.5-3.9 for men; odds ratio, 2.5; 
95% Cl, 1.7-3.8 for women) and 300% after 40 years of smoking (odds ratio, 3.8; 
95% Cl, 3. 1-4.6 for men; odds ratio, 3,9; 95% Cf, 2.8-5.4 for women). 

(ii) Intensity of smoking 

A dose-relationship was observed between number of cigarettes smoked per day and 
bladder cancer up to an apparent threshold of 15-19 cigarettes per day (odds ratio, 4.5; 
95% Ci, 3.8-5.3 for men; odds ratio, 3.8; 95% Cl, 2.7-5.4 for women), after which a 
plateau in the risk was observed for both male and female smokers of more than 20 ciga¬ 
rettes per day. 

(iii) Smoking cessation 

An immediate decrease in risk of bladder cancer was observed among men who gave 
up smoking. Compared with current smokers, this fall was dose to 40% for male smokers 
who had stopped smoking between 1 and 4 years prior to diagnosis (odds ratio, 0.65; 


95 % CI, 0.53-0.79) and reached 60% after 25 years of cessation (odds ratio, 0.37; 
95 % Cl. 010-0.45). However, even after 25 years, the risk was not as low as that for non- 
smokers (odds ratio, 0.20; 95% Ci, 0.17-0.24). Among women, the immediate decrease 
in risk was approximately 30% for smokers who stopped smoking between 1 and 4 years 
prior to diagnosis. The risk did noi appear to decrease substantially after this and, even 
after 25 years of cessation, it remained considerably above the level found for never- 
smokers. 

(iv) Attributable fraction 

The proportion of bladder cancer cases attributable to ever smoking, i.e. the popu¬ 
lation attributable risk (PAR), was calculated as 0.66 for men (95% CI, 0.61-0.70) and 
030 (95% CI, 025-0.35) for women. Similarly, the PAR of bladder cancer cases attri¬ 
butable to current smoking was calculated as 0.32 (95% Cl, 0.28-0.35) for men and 0.18 
(95% CI, 0.14-0.22) for women, [The Working Group noted that the lower attributable 
proportions among women reflect the earlier stage of the smoking-related disease epi¬ 
demic among women, and these attributable fractions may be expected to increase in the 
future as this epidemic becomes more widespread among women.] 
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Table 2.1.2.1, Case-control studies on tobacco smoking and lower urinary tract 
cancer: main characteristics of study design 


Reference 

Country and 
years of study 

Numbers of cases and 
controls 

Lilienfeldtfa/. 

(1956) 

USA 

1945-55 

Men: 321 cases and 663 
controls; women: 118 
cases and 121)5 controls 

Lockwood (1961) 
Denmark 

1956-57 

Men: 787 cases and 

282 controls; women: 

87 cases and 87 controls 

Schwartz eta!, 
(1961) 

France 

Study started in 

1954 

Men: 214 cases and 

214 controls 

Wyndere/a/, 

(1963a) 

USA 

1960-61 

Men: 309 cases and 

300 controls; women: 

70 cases and 7ft controls 

Cobb & Ansell 
(1965) 

USA 

1951-61 

Men and women: 

136 cases and 

342 controls 

Staszewski (1966) 
Poland 

1958-64 

Men; 150 cases and 

750 controls 

Dunham el al. 

(1968) 

USA 

1958-64 

Men: 334 cases and 

350 controls; women: 

159 cases and 177 
controls 

Anthony & Thomas 
(1970) 

UK 

1958-67 

Men: 381 cases and 

275 controls 


Criteria tor eligibility and comments 


Hospital-based study; controls: 287 men with 
prostate cancers, 39 men with benign bladder 
conditions and 337 healthy men; 776 women with 
breast cancers. 110 women with benign bladder 
conditions and 319 Healthy women 

Population-based study; living cases from the 
Danish Cancer Registry (1956-51); controls 
selected from Population Registry 

Hospital-based study; age-matched controls were 
subjects admitted to hospitals for accidents 


Hospital-based study, papillomas excluded; sex- 
and age-matched controls: cancers of respiratory 
system, upper alimentary tract and myocardial 
Infarction excluded 

Hospital-based study; 120 colon cancer controls 
and 222 controls with 'pulmonary problems’; data 
on smoking available for 131 cases 

Hospital-based study; age-matched controls with 
cancer or other diseases 

402 incident cases in New Orleans and 
91 prevalent cases or cases nol living in the city; 
hospital controls, including unspecified numbers 
of patients with bronchitis, emphysema, 
myocardial infarction; 162 (29%) of eligible cases 
not interviewed 

Hospital-based study; surgical controls (excluding 
patients with chest, genitourinary and malignant 
disease) in 195.5-58 


Table 2.1.2.) (contd) 


Reference 

Country and 
years of study 

Numbers of cases and 
controls 

Criteria lor eligibility and comments 

Cole etal. (1971) 
USA 

1967 68 

Men: 360 cases and 

381 controls; women: 

108 cases and 117 
controls 

Cases randomly selected among all (668) eligible 
incident cases occurring in 1967-68 in 87 cities of 
the Boston area (20-89 years old); controls: 
random sample of 20-89-year-old residents, 
matched for sex and age; interviews of 140/470 
cases and 78/500 controls conducted with spouse 
or next of kin 

Tyrell eta/. (1971) 

Ireland 

[967-68 

Men: 200 cases and 

200 controls; women: 

50 cases and 50 controls 

Hospital-based study; age- and sex-matched 
urological controls 

Makhyoun (1974) 
Egypt 

1966-71 

Men: 365 cases and 

365 controls 

Hospital-based study; age-matched non-cancer 
controls; 278 cases and 278 matched controls had 
previous urinary bilharziasis 

Morgan & Jain 
(1974) 

Canada 

Men: 158 cases and 

158 controls; women; 

74 cases and 74 controls 

Hospital-based study; controls matched for sex 
and age; postal questionnaires: responses were 

67% (cases) and 57% (controls) among men; 

73% (cases) and 57% (controls) among women 

Schmauz & Cole 
(1974) 

USA 

Men: 18 cases and 

376 controls 

Population-based study of cancer of die renal 
pelvis and ureter (see Cole el al., 1971, for 
design) 

Wynder& 
Goldsmith (1977) 
USA 

1969-74 

Men: 5 74 cases and 

574 controls; women: 

158 cases and 158 
controls 

Hospital-based study on cases aged 4040 years 
and controls matched for sex, ethnic group, 
hospital and age; controls had no ‘tobacco-related 
condition’. 

Miller eta/. (1978) 
Canada 

Men: 188 cases and 

564 controls; women: 

77 eases and 231 controls 

Hospital-based study, using self-completed 
questionnaires of subjects over 40 years; two sex- 
and age-matched controls for each case 

Sadeghi e( al. 

(1979) 

Iran 

1969-76 

Men: 88 cases and 

88 controls 

Hospital-based study; sex-nod age-matched 
hospital controls; patients with cancer, pulmonary 
and bladder disease excluded (23/122 cases 
excluded due to poor information) 
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Tabic 2.1.2.1 (contd) 


Reference 
Country and 
years of study 


Howe era/. (1980) 

Canada 

1974-76 


Numbers of cases and 
controls 


Men: 480 cases and 
480 controls; women: 
152 cases and 
152 controls 


Tola el at. (1980) 

Finland 

1975-76 


Men: 134 cases and 
134 controls; women: 

46 cases and 46 controls 


McCredie el a!. 
(1982) 
Australia 
1977-80 


Men: 27 cases and 
70 controls; women: 

40 cases and 1 10 controls 


Najem err;/. (1982) 

USA 

1978 


Men: 65 cases and 
123 controls; women: 

10 cases and 19 controls 


Cartwright era/. 
(1983) 

UK 

1978-81 


Men: 932 cases and 
1402 controls; women: 
327 cases and 579 
controls 


Criteria for eligibility and comments 


Population-based study; eligible cases were all 
patients with newly diagnosed bladder cancer in 
3 Canadian provinces (77% interviewed); controls 
matched for sex, age and neighbourhood (controls 
who refused were substituted); male cases had a 
higher level of education and income than 
controls. 

Originally eligible cases were all those (274) 
repotted to the Finnish Cancer Registry for 
5 Finnish provinces; postal questionnaires sent to 
269 cases and 271 sex- and age-matched hospital 
controls or their relatives; response rates were 
80% (cases) and 81 % (controls); source of 
information was a relative for 39% of cases and 
12% of controls. 

Cancer registry and hospital-based study; renal 
pelvis cancer cases; first control group were 
friends or relatives of other patients; second 
control group were subjects attending a screening 
clinic; 24 cases interviewed by their doctors, 
remaining cases and all controls interviewed by 
researchers; higher socio-economic status among 
screening clinic controls 

Hospital-based study; prevalent cases only; 

2 controls per case matched for sex, age, ethnic 
group, place oT birth and place of residence 
(patients with cancer and tobacco-related heart 
disease excluded) 

90% of incident cases in West Yorkshire (1978- 
81) and preval ent cases included; sex- and age- 
matched hospital controls (25% arterial disease; 
60% accident, minor surgery; 10% chest 
conditions) 


Table 2.1.2.1 (cuntd) 


BiSSL-: 

Numbers of cases and 
controls 

McCredie era/. 
(1983) 

Australia 

1977-82 (ureter), 
1980-82 (renal 
pelvis) 

Men: 65 cases and 

307 controls 

McLaughlin etal. 
(1983) 

USA 

1974-79 

Men: 50 cases and 

428 cuulruls; women: 

24 cases and 269 controls 

Moller-Jensen etal. 

(1983) 

Denmark 

1979-81 

Men: 286 cases and 

574 controls; women: 

95 cases and 193 controls 

Mommsen & 
Aagaard (1983) 
Denmark 

1977-79 (men), 
1977-80 (women) 

Men: 165 cases and 

165 controls; women: 

47 cases and 94 controls 

Morrison cl al. 
(1984) 

Japan and UK, 
1976-78: 

USA,1976-77 

Men: Greater Manchester, 
398 cases, 490 controls; 
Nagoya (Japan), 224 
cases, 442 controls; 
Boston area, 427 cases, 


391 controls 
Women: Greater 
Manchester, 155 cases, 
241 controls; Nagoya, 66 
cases, 146 controls; 
Boston area, 165 cases, 
142 controls 


Criteria for eligibility and comments 


Population-based (cancer registry) study; cancers 
of the ureter (36 cases) and renal pelvis (29 cases) 
only; controls were a random sample of the 
general population; questionnaires posted to cases 
and controls (no. of non-respondents not given); 
higher educational level among controls 

Population-based study on cancer of the renal 
pdvis(7l/74 were transitional -cell carcinomas); 
controls were (1) a random sample of ihe general 
population and (2) a group of deceased 
individuals matched to the deceased cases 

Cases, two-thirds of all incident cases in Greater 
Copenhagen (under age 75 years); controls, a 
random sample of the general population (oul of 
1052 controls approached, 109 refused, 114 were 
not located and 39 were tou ill) 

Population-based study; controls: random sample 
of general population; cases interviewed in 
hospital, control shy phone 


Population-based study in Japan, UK and USA; 
96% (Manchester), 84% (Nagoya) and 81 % 
(Boston) of all incident cases (aged 21-89 years) 
were interviewed, controls were randomly 
selected from electoral registers; in Nagoya most 
cases were interviewed in hospital, all other 
groups at home; 95% of tumours were of the 
bladder. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Tabic 2.1.2.1 (cotitd) 


Reference Numbers of cases and 

Country and controls 

years ofstudy 


Vineiscr a!. (1984) Men: S12 cases and 596 

Italy controls 

1978-83 


Rebekatos et al. 
(1985) 

Greece 

1980-82 


Men: 250 cases and 
controls; women: 50 cases 
and controls 


Claude et al (1986) Men: 340 cases and 

Germany controls; women: 91 cases 

1977-82 and controls 


Burch etal (1989) 781 cases and 78! 

Canada matched controls 

1979-82 

Clave! el al. (1989) 477 cases and 477 
France matched controls 

1984- 87 

D’Avanzo el al. 337 cases and 392 

(1990) controls 

Italy 

1985- 89 


Criteria for eligibility and comments 


Hospital-based study; 210/512 prevalent cases; 
225 age-matched controls (with urological 
disease); 287 cases' and 371 unmatched controls 
from surgical departments (87 hemias,41 
peripheral artenopathies and other diagnoses) 

Hospital-based study. Histologically confirmed 
cases of bladder cancer. Sex- and age-matched 
controls from accidents centre of another hospital 
(traumatic fractures, 185; other traumatic 
conditions, 31); osteoarthrosis, 32; rheumatoid 
arthritis, 28; other orthopaedic conditions, 24). 

Hospital-based study; 21% of controls selected 
from homes for (he elderly. Interviews carried out 
by medical students using a standardized 
questionnaire. 9U%of cases had bladder tumours 
(remainder had cancers of renal pelvis, ureter or 
urethra or combinations of these). Male controls 
had prostate adenomas and infections (70%), 
urinary tract infections (20%). Female controls 
had urinary tract infections (68%) or no particular 
illness (24%). 

Population-based study. Only 67% of eligible 
cases were interviewed. Response rate for 
controls, 53%. 

Hospital-based study using interview; 157 pre¬ 
valent cases; controls; patients with tobacco- 
related conditions were excluded. Refusal rate not 
given 

Hospital-based study using interviews. Refusals 
< 3%. Controls had trauma (30%), orthopaedic 
conditions (17%) and surgical conditions. 


Tabic 2.1.2.1 (eontd) 


Reference 

Country and 
years of study 

Numbers of cases and 
controls 

Critena for eligibility and comments 

Harris et al. (1990) 
USA 

! 969 onwards 

White men: 1114 cases, 
3252 controls; black men, 
84 casts, 271 controls; 
white women: 420 cases, 
1289 controls; black 
women, 45 cases, 118 
controls 

Hospital-based study. Incident cases. Controls 
included gastrointestinal disease, infections, 
leukaemia, benign prostatic hypertrophy, benign 
neoplastic disease, other cancers and other causes. 
Controls were matched on sex, age, race, year of 
interview and hospital of diagnosis. 

Bums & Swanson 
(1991) 

USA 

While men: 1410 cases, 
1615 controls: black men: 
161 cases, 382 controls; 
white women: 504 cases, 
160(1 controls; black 
women, 85 cases, 382 
controls 

Population-based study; controls: incident cases 
of colorectal cancer. Telephone interviews. 
Response rates, 94% (cases) and 95% (controls) 

De Stefani et al. 
(1991) 

Uruguay 

1987-89 

Men: 91 cases and 182 
controls; women: 20 cases 
and 40 controls 

Hospital-based study, only incident cases; 29% of 
controls had malignant tumours, 22'% eye 
diseases. No refusals 

Lopez-Abcnte etal. 
(1991) 

Spain 

1983-86 

430 cases, 405 hospital 
controls and 386 
population controls 

Hospital and population-based study; 49% were 
prevalent cases. Controls matched by sex and age. 
Refusals: 5% of cases, 7% of hospital controls, 

7% of population controls. Hospital controls: 
patients with tobacco-rclated diagnoses excluded 

Kunzeelal. (1992) 
Germany 

1977-85 

Men: 531 cases and 531 
controls; women: 144 
cases and 144 controls 

Hcspital-based study. Controls matched by sex 
and age; diagnoses included prostate hyperplasia 
(64% of men) or infection of urinary tract (73% of 
women) 

McLaughlin etal 
(1992) 

USA 

1983-86 

Men; 331 cases and 315 
controls; women: 171 
cases and 181 controls 

Population-based study in New Jersey, Iowa and 
California. Incident cases of cancers of the renal 
pelvis and ureter, microscopically confirmed, 
aged 20-79 years, identified using ihe local 


population-based cancer registries; 58% of ascer- 
tained cases participated. Controls selected by 
random-digit dialling (< 65 years) or Health Care 
Financial Administration rosters (> 65 years), 
frequency-matched on age (5-year groups) and 
sex; response rate, 54-66%, 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.1 (eon td) 


Table 2.1.2.1 (contd) 


Reference Numbers of cases and Criteria for eligibility and comments 

Country and controls 

years of study 


Reference Numbers of cases and Criteria for eligibility and comments 

Country and controls 

years of study 


Hange etui. (1993) 
LISA 

Study started in 
1978 


While men: 1925 cases, 
3642 controls; black men: 
88 cases, 111 controls; 
white women: 633 cases, 
1295 controls; black 
women: 33 cases, 106 
controls 


Population-based study. Cases drawn from 
5 states and 5 metropolitan areas in the SEER 
network of cancer registries in 1978; controls 
selected by random-digit dialling or Health Care 
Financing Administration files 


Vena elul. (1993) 

USA 

1979-85 


White men: 351 cases and 
■ 855 controls 


Population-based study. Only incident cases. 
Controls were matched on sex, age and 
neighbourhood. Response rites were 42% in 
controls and 76% in cases [sampling of controls 
not described]. 


Barbone elai 273 cases and 573 

(1994) controls 

Italy 
1986-90 


Hospital-based study using interviews. Controls 
bad irauma (20%), orthopaedic conditions (35%), 
surgical conditions (26%). 


I lours etui. (1994) Men and women: 116 
France cases and 232 controls 

1984-87 


Momas el ul. 

219 cases and 794 

(1994a,b) 

controls 

Prance 


1987-89 


Sorahati el al. 

989 cases, 2059 

(1994) 

population controls and 

UK 

1599 patients of general 

1985-87 

practitioners 


Hospital-based study. Two groups of controls 
with diseases other than cancer, matched for sex, 
hospital, age and nationality, one from same 
hospital ward and one from another ward of same 
hospital as case; most frequent diagnoses among 
urological ward controls were benign adenoma of 
the prostate (48/116) and urinary lilhiasis 
(22/116); most common among general hospital 
controls were cardiovascular (42/116), digestive 
system (10/116) and endocrine (11/116) diseases, 
.lob/other histories obtained by interview. 
Papillomas of urinary bladder included; 30-75 
years of age 

Population-based study. Controls sought from 
electoral roils. Only incident cases. Cases and 558 
controls interviewed by telephone, 236 controls 
by post. Response rate, 81% (telephone), 72% 
(postal) in controls and 219/272 (80.5%) cases 

Mixed design (population controls and patients of 
general practitioners)- Postal questionnaires. 
Response rate not given 


Vizcaino el al. 
(1994) 
Zimbabwe 
1963-77' 


Black men: 494 cases and 
4412 controls; black 
women: 186 cases and 
3789 controls 


Analysis of data from Bukvayo cancer registry; 
controls comprised all other registered cancer 
cases excluding "tobacco-related sites' 
(oesophagus, larynx and lung); interviews 
conducted cither with subject at lime of 
hospitalization or with relatives; individuals with 
curreni bilharzia or haematuria were excluded. 
Complete interview obtained lor 72.2% of cases 
and 70,3% of controls 


McCarthy era/. 

Men; 217 cases and 860 

(1995) 

controls; women: 84 cases 

USA 

and 336 controls 

1975-92 


Donato era/. 

Men; 135 cases and 398 

(1997) 

controls; women: 37 cases 

Italy 

and 180 controls 

1991-92 


Bedwani el al. 

Men: 151 cases and 

(1998) 

157 contmls 

Egypt 


1994-96 



Pohlabeln el al. 

Men: 239 marched pairs; 

(1999) 

women: 61 matched pairs 

Germany 

(age and area of 

1989-92 

residence) 

Pommer el al. 

Men: 415 cases and 

(1999) 

415 controls; women: 

Germany 

232 cases and 232 

1990-94 

controls 

Sena et al. (2000) 

Men: 1 *96cases and 314 

Spain 

controls; women: 22 cases 

1993-95 

and 30 controls 


Population-based study. Controls sampled from 
private census (covering 90% of residents), 
including intimation on smoking 

Hospital-based srudy. Only incident cases. 
Controls had prostate adenoma (40%). urolithiasis 
(48%), Response rate not given. 


Hospital-based study; controls had traumatic and 
other orthopaedic conditions (35%). acute surgical 
diseases (27%), eye diseases (8%), miscellaneous 
(30%). Women were excluded due to low 
proportion of current smokers (1/39 cases); 
questionnaires completed by trained interviewers. 

Hospital-based study. Incident cases. Response 
rale, 93% in eases and 98% in controls, Male 
controls had prostate adenoma (41%) or kidney 
stones (30%). Female controls had kidney stones 
(62%). Interviews 

Population-based study. Incident cases. Controls 
sought from municipality registry, matched on sex 
and age; 11% of cases and 29% of controls 
refused to participate. 

Population-based study. Incidence cases, all 
histologically confirmed (93.6% transitional-cell 
carcinomas), Controls with no known benign or 
malignant tumour of the urinary tract, from the 
same cutuily, selected using niitmcipal-baxcd 

census lists. Matched by sex, age and residence 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.1 (contd) 


Reference 

Country and 
years of study 

Numbers of cases and 
controls 

Criteria for eligibility and comments 

C'astelao eta!. 

(2001) 

USA 

1087-96 

Men and women; 1514 
cases and 1514 controls 

Population-Eased study. Non-Asian patients with 
histologically confirmed bladder cancer. Controls 
matched by sex, age, race (non-Hispanic white, 
Hispanic, African American) and neighbourhood 
of residence. Structured questionnaires were 
completed at an interview in the participant’s 
home, Peripheral blood samples collected to 
measure 3- and 4-aminobiphenyl haemoglobin 
adducts. 

Combined analyses 



Fortuny et tt/. 

(1999)’ 

Europe 

1983-95 

Men and women: 146 
cases and 292 controls 

Combined analysis of 9 case-control studies (9/11 
described in Brennan eta!., 2009). Non- 
transitional-re!! carcinoma of the bladder only. 

Brennan el at. 
(2000,2001) 

Europe 

1976-96 

Men: 2600 cases and 

5524 controls; women: 

685 cases and 2416 
controls 

Combined analysis of 11 case-control studies, 
Recruitment of eases was hospital-based, that of 
controls either hospital-based (7 centres), 
population-based (3 centres) or both (1 centre). 
Diseases of hospital-based controls varied among 
centres, although ail subjects were affected by 
diseases unrelated to smoking. 
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fable 2.I.2.2. Cohort studies on tobacco smoking and cancer of the lower urinary tract: 

intensity of smoking 


Reference 

Country and 
years of study 

Cohort study 
Subjects 

Smoking categories 

Relative risk 
(no, of cases 
or 9564 Cl) 

Comments 

Hammond & 

American Cancer 

Cig/day 


Microscopically verified 

Horn 11958a,b) 

Society (9-state) 

1-9 

2.0(14) 

cancer of the genitourinary 

USA 

Study 

10-20 

2,0(42) 

system 

1952-55 

187 783 men 

>21 

3.4(41) 




Sinister 

2.2(59) 

Microscopically verified 





bladder cancer only 

Hammond 

Cancer P revent ion 

Ever-smoker 


Relative risks calculated by 

(1966) 

Study (CPS) I 

aged 45—64 years 

1.8(59) 

the Working Croup as ratios 

USA 

440 558 mm 

aged 65-79 years 

2.9(56) 

of age adjusted annual death 

1959-63 




rates 

Kahn(1966) 

US Veterans’ 

Clgriay 



USA 

Study 

<r 10 

10(H) 


1954-62 

293 658 men 

19-20 

2.3(71} 




21-39 

3.1(51) 




>40 

3.0(9) 


Lossinge/u/. 

Canadian War 

Cigdlay 


Mortality ratios; genitourinary 

(1966) 

Veterans’ Cohort 

<10 

1.3(29) 

cancers 

Canada 

78 000 men 

10-20 

1.4(37) 


1956-62 


>2(1 

1.4(17) 


Weir & Dunn 

Californian Study 

Cig'day 



(1970) 

68 153 men 

1-9 

1,5 


USA 


10-20 

2.8 


1954-62 


>21 

5.4 


Ccderlof el a! 

Swedish Census 

Men 



(1975) 

Study 

Cigfday 



Sweden 

25 444 men, 

1-7 

1.5(6) 


1963-72 

26 467 women 

8-15 

1.6(6) 




216 

2.7(6) 




Women 





Cigi’day 





1-7 

1.2(2) 




8-15 

2.1 (4) 




216 

0.8(1) 


Doll & Peto 

British Doctors’ 

Cigtday 


Relative risks, calculated by 

(1976) 

Study 

1-14 

2,2 

the Working Croup, are ratios 

UK 

34440 men 

15-24 

2,2 

ofage-adjusted annual death 

1951-71 


>25 

1.4 

rates. 

Hirayama (1977, 

Six-prefecture 

Current smoker 

1.4(59) 


1985) 

Study 




Japan 

122261 men 




1965-81 






Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,1,2.2 (contd) 


Reference 
Country and 
years of study 

Cohort study. 
Subjects 

Smoking categories 

Relative risk 
(no. of cases 
or 95"/. Cl) 

Comments 

Doll etui. (1980) 

British Doctors' 

Current smoker 

0.6(5) 

' 

UK 

Study 




1951-1973 

6194 women 




Rogot & Murray 

US Veterans’ 

Cunem smoker 

SMR 

Standardized mortality ratio 

(1980) 

Study 


2.2(326) 


USA 

S3 958 liter 




1954-69 





Steined el <jI 

Swedish Twin 

Men 


Adjusted for age 

11988) 

Registry Study 

Cig/day 



Sweden 

16471 persons 

1-9 

4,5 (2.1-9.9) 


1967-82(14 


>10 

4.7(2.0-10.8) 


years) 


Women 





Ever-smokcr 

1.6 (0.6-5.2) 


Akiba & 

Six-prefecture 

Men 


Adjusted for residence, age, 

Hirayania (1990) 

Study 

Cig/day 


occupation and observation 

Japan 

122 261 men, 

1-4 

1.8 (0.4—5.0) 

period 

1965-81 

142 857 women 

5-14 

1.4(0.9-23) 




15-24 

2.0(1.3-33) 




25-34 

1.7 (0.6-4.1) 




>35 

2.1 {0.5—6.1) 

p for trend = 0,005 



Women 





1-4 

0.910.1-4.0) 




5-14 

2.2(1.14.1) 




>15 

12(0.1-5,7) 


Kuller t-r«/. 

MRF1T Sturdy 


Mortality rate 

Annual mortality rates/10 000 

(1991) 

12 866 men 

Nonsmoker 

1.6(39) 

men; adjusted for age, blood 

USA 


1-15 

1.8(5) 

pressure, cholesterol and 

1975-85 


16-23 

3.1(13) 

ethnicity 



26-35 

4.4(12) 




36-45 

3.9(9) 




>45 

3.6(3) 


Mills elal. 

Advemisis' Health 

1-14 

[.6(0.6-44) 

Adjusted for age and sex 

(1991) 

Study- 

15-24 

43(1.9-9.7) 


USA 

34 198 men and 

>25 

33(1.3-8.6) 


1976 82 

women 




Chyou a al 

American Men of 

Pack-years 


Adjusted for relevant 

(1993) 

Japanese Ancestry 

>0-30 

2.1 (1.2-3.8) 

variables 

USA 

Study 

>30 

2.3 (1.3-4.1) 

p for trend = !).(K>4 

1954-89 

81)06 men 




Duller,//. (1994) 

British 

Cig/day 

Mortality rate 

Annual mortality rate per 

UK 

Doctors’Study 

0 

13 

ICO 000 men 

1951 -91 

34 439 men 

1-14 

29 




15-24 

29 




>25 

37 

p for trend <0.01 
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Tabic 2.1.2.2 (contd) 

Reference 
Country and 
years of study 

Cohort snidy 
Subjects 

Smoking categories 

Relative risk 
(no. of cases 
or 95% Cl) 

Comments 

McUughlin 

US Veterans' 

Cigfday 


Adjusted for age and calendar 

eta l. (1995) 

Study 

1-9 

1.1 (0.8-15) 

period 

USA 

293 958 men 

10-20 

23(1.9-2.7) 

p for trend < 0.01 

1954-80 


31-39 

2,7(2.2-33) 




>40 

2.2(1.5-33) 


fjieelandeiaf- 

Norwegian 

Men 


Adjusted for age 

(1996) 

Cohort Study 

Cig/day 



Norway 

11 857 men, 

M 

2.5(1.5-4.0) 


1966-93 

14 269 women 

5-9 

2.7(1.645) 




10-14 

3.4(2.1-54) 




415 

5.1 (3.1-84) 




Women 





Cig/day 





1-4 

15(0,7-3.2) 




5-9 

2,2(1.04.7) 




10-14 

5.4(2.8-11) 




>15 

7.9(3.3-19) 


Muraia etal. 

Chiba Center 

1-10 

2.6 

Adjusted for age and county 

(1996) 

Association Study 

11-20 

2.3 


Japan 

17 200 men 

221 

13 


1984-93 





Yuan el al. 

Shanghai Men’s 

Cig/day 


Adjusted forage 

(1996) 

Study 

<20 

2.1 


China 

IS 244 men 

420 

1.7 


1986-93 





Nordlund a at. 

Swedish Census 

Cig/day 



(1997) 

Study 

1-7 

1.9(0.98-3.6) 


Sweden 

25 829 women 

8-15 

2.9(1.4-5.8) 


1963-89 


416 

3.4(12-9.7) 


Tulinius et al. 

Reykjavik Study 

Cig/day 



(1997) 

i 1366 men 

1-14 

1.5 (0.7-30) 


Iceland 


15-24 

2.6(14-4.7) 


1968-95 


>25 

4.6 (2.4—69) 


Uaw&Chen 

Taiwanese Study 

Smoker 

05 (0.2-1.7) 

Very small study 

(1998) 

] 1 096 men 





China, Province 
of Taiwan 
1982-94 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.3. Case-control studies on tobacco smoking and cancer of the lower urinary tract: intensity 
of smoking 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 11 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Litienfeld et al. 

Men 

Non smoker 

1.0 (51) 

Crude risks calculated by the Working 

(1956) 


Smoker 

2.1 (151) 

Group; unadjusted 

USA 

Women 

N on smoker 

1.0 (108) 


1945-55 


Smoker 

0.4(10) 


Lockwood 

Men 

Nonsmoker 

1.0 (24) 

Crude risks calculated by the Working 

(1961) 


1—10 g tobacco/day 

1.3 (16) 

Group 

Denmark 


1 1—20 g tobacco/day 

3.3 (40) 


1956-57 


21-30 g tobacco/day 

9.5 (18) 




> 31 g tobacco/day 

15.8 (10) 



Women 

Non smoker 

1.0 (49) 




l—10 g tobacco/day 

0.9 (8) 




11—20 g tobacco/day 

4.6 (4) 




S 21 g tobacco/day 

- 

No cases or controls 

Schwartz et al. 

Men 

Non smoker 

1.0 (24) 

Crude risks calculated by the Working 

(1961) 


1-9 

1.4 (31) 

Group 

France 


10-19 

2.1 (69) 


1954 onwards 


20-29 

2.6 (63) 




2 30 

3.8 (15) 



Table 2.1.2.3 fcontd) 

Reference 
Country and 
years of study 

Subjects 

Smoking categories® 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Wynder et al. 

Men 

Nonsmoker 

1.0 ( 21 ) 

Crude risks calculated by the Working 

(1963a) 


1-9 

2.1 (12) 

Group 

USA 


10-15 

1.5 (15) 


1960-61 


16-20 

2.8 (86) 




21-34 

5.2 (63) 




> 35 

5.7 (78) 



Women 

Nonsmoker 

1.0 (43) 




1—9 

3.1 (9) 




10-20 

3.3(14) 




£21 

- 

4 cases, 0 controls 

Cobb Sc Ansell 

Men and women 

Nonsmoker 

1 0 (6) 

Hospital controls with colon cancer only; 

(1965) 


Light and medium smoker 

3.0(21) 

heavy smokers smoked > 1 pack of 

USA 


Heavy smoker 

10.3 (104) 

cigarettes/day for >30 years; age-adjusted 

1951-61 




relative risks calculated by the Working 





Group 

Slaszewski 

Men 

Nonsmoker 

1.0(10) 

Nonsmoker included smokers of < I g 

(1966) 


Smoker 

2.7(140) 

tobacco per day for < 1 year. 

Poland 





1958-64 





Dunham et at. 

Men 




(1968) 

White 

Nonsmoker 

1.0 (55) 

Crude risks calculated by the Working 

USA 


< 10 

1.2 (19) 

Group 

1958-64 


10-19 

2-1 (76) 




>20 

1.1 (114) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.3 (contd) 

Reference 

Subjects 

Smoking categories* 

Relative risk (no. 

Country and 



of cases/deaths or 

years of study 



95% Cl) 


Black 

Nonsmoker 

1.0 (14) 



< 10 

0.9 (9) 



10-19 

2-7(25) 



> 20 

1.9 (21) 


Women 




White 

Nonsmoker 

1.0 (77) 



< 10 

0.7 (6) 



10-19 

1.0(12) 



2 20 

1.9(17) 


Black 

Nonsmoker 

1.0 (28) 



< 10 

1.0(8) 



10-19 

1 -0 (5) 



> 20 

1-9(6) 

Anthony Sc 

Men aged 40—69 years 

Nonsmoker 

1.0(18) 

Thomas (1970) 


<15 g/day 

0.7 (81) 

UK. 


2 1 5 g/day 

1.1 (104) 

1958-67 




Cole et al. 

Men aged 20—89 years 

Nonsmoker 

1.0(70) 

(1971) 


<, V? pack/day 

1.0(36) 

USA 


Yi-l '/2 packs/day 

2.0 (140) 

1967—68 


1 Zt- 2 Ya packs/day 

2.2 (85) 



>2 Vi packs/day 

1.8 (25) 


Comments 


Only controls with surgical conditions 
considered! age-adjnsted relative risks 
calculated by the Working Group 

Smoker defined as smoking at least 100 
cigarettes in lifetime; amount considered is 
maximum amount smoked per day during 
life 


Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories® 

Relative j 
of cases/c 
95% Cl) 


Women aged 

Nonsmoker 

1-0 (50) 


20—89 years 

5 Yi pack/day 

1.5(13) 



'A—] Vi packs/day 

2.0 (30) 



> T /2 packs/day 

3.8(12) 

Tyrrell et at. 

Men 

Nonsmoker 

1.0(7) 

0 971) 


Smoker 

3.7(163) 

Ireland 

Women 

Nonsmoker 

1.0(31) 

1967-68 


Smoker 

0.8 (19) 

Makhyoun 

Men with urinary 

Nonsmoker 

1.0 (66) 

(1974) 

bilharziasis 

Moderate smoker 

1.5 (42) 

Egypt 


Heavy smoker 

1.4 (21) 

1966-71 

Men without urinary 

Nonsmoker 

0(15) 


bilharziasis 

Moderate smoker 

2.3 (41) 



Heavy smoker 

3.3 (28) 

Morgan & Jain 

Men 

Nonsmoker 

1.0 (22) 

(1974) 


1-14 

2.6 (57) 

Canada 


15—24 

2.7 (42) 



>25 

6.4 (37) 


Women 

Nonsmoker 

1.0(45) 



1-14 

1.2(16) 



1 5-24 

1.1 (9) 



> 25 

4.4 (4) 


Comments 


Crude relative risks calculated by the 
Working Group 


Moderate smokers: (average number of 
cigarettes per day x duration of smoking) — 
300—600; heavy smokers: > 600; crude 
relative risks calculated by the Working 
Group 
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Table 2.1.2.3 (contd) 


"O 


Reference 

Country and 
years of study 

Subjects 

Smoking categories" 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Schmauz & Cole 

Men 

Nonsmoker 

1.0 (4) 

(1974) 


< Vi pack/day 

1.2 (2) 

USA 


56—156 pack/day 

1.3 (5) 



116—2 Vi packs/day 

1-1 (2) 



> 2Vi packs/day 

10.0(5) 

Wynder & 

Men 

Nonsmoker 

1.0 (65) 

Goldsmith 


1-10 

1.4 (0.9—2.2) 

(1977) 


11-20 

2.4 (l.7-3.3) 

USA 


21-30 

2.7 (1.8—4.1) 

1969-74 


31-40 

2.3 (1.5—3.4) 



>41 

3.3 (2.1—5.3) 


Women 

Nonsmoker 

1.0 (67) 



1-10 

1.7 (0.9-3.3) 



1 1-20 

2.3 (1.3—4.2) 



> 21 

2.4 (1.1-5.1) 

Miller et al. 

Men 

Non smoker 

1,0 

(1978) 


Ever-smoker 

1.6 

Canada 

Women 

Nonsmoker 

1.0 



Ever-smoker 

0.8 

Sadeghiero/. 

Men 

Nonsmoker 

1.0(17) 

(1979) 

Iran 


Smoker 

2.0 (27) 

1969-76 





Comments 


Cancer of the renal pelvis and ureter 


Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories® 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Howe et al. 

Men 

Nonsmoker 

1.0 


(1980) 


c 10 

2.6 (1.7 4.4) 


Canada 


10-20 

3.8 (2.6—6.0) 


1974-76 


> 20 

5.1 (3.5—8.6) 



Women 

Nonsmoker 

1.0 




< 15 

2.3 (1.3-4.6) 




> [5 

2.6 (1.4-6.9) 


Tola et al. 

Men 

Nonsmoker 

1.0(19) 

Crude relative risks calculated by the 

(1980) 


Ever- smoker 

1.9 (] 14) 

Working Group 

Finland 

Women 

Nonsmoker 

1.0 (25) 


1975-76 


Ever-smoker 

5.4(17) 


McCredie et al. 

Men 

Non smoker 

1.0 

Cancer of renal pelvis; first set of controls, 

(1982) 


Smoker (contacts) 

1.0 (0.2^.3) 

‘contacts’; second set of controls, ‘screening 

Australia 


Smoker (screening clinic) 

2.8 (0.7-10.4) 

clinic’; relative risks adjusted for 

1977-80 

Women (cancer of 

Non smoker 

1.0 

consumption of analgesics 


renal pelvis) 

Smoker (contacts) 

2.2 (0.8—5.9) 




Smokers (screening clinic) 

7.0 (2.5-19.7) 



3006392138 
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Table 2.1.2.3 (contd) 


Reference Subjects 

Country and 
years of study 


Smoking categories 3 Relative risk (no. Comments 

of cases/deaths or 
95% Cf) 


Mommsen et al. 

Men 

Nonsmoker 

(2 982); 


Smoker 

Mommsen Sc 

Women 

Non smoker 

Aagaard (1983); 


Smoker 

Mommsen et al. 



(1983) 



Denmark 



1977-80 




*■0 Crude odds ratios; Figure 1 in Mommsen & 

1.9 (1.2-3.0) Aagaard (1983) suggests that relative risks 

J are around 6.5 for smokers of 201-300 and 

1.9 (0.9-3.9) 9.5 for smokers of 301-400 (years x no. of 

cigarettes/day) during lifetime 


Najem et al. 

Men and women 

Nonsmoker 

(1982) 


Smoker 

USA 



1978 




1.0 

2.0 (l .1—3.7) 


Data not given separately 


Cartwright et al. 
(1983) 

UK 

1978-81 




Duratio 

n of cigarette smoking (years) 


_ Incident and prevalent cases considered 



<5 

6-15 

16-25 

26-35 

36—45 

> 46 

_ together; reference category included 

Men 

< 10 

1.0 

0.85 

1.3 

1.6 

1.3 

1.9 

non smokers (< 10OO cigarettes in lifetime) 


10-20 

1.0 

1.8 

1.8 

1.5 

1.7 

1.8 



> 21 

CO 

1.4 

t.l 

1.3 

1.5 

0.85 


Women 

< 10 

1.0 

2.4 

1.2 

1.4 

1.4 

1.6 



10-20 

1.0 

1.0 

2.0 

1.5 

1.6 

1.5 



>21 

Insufficient data 







Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 3 

Relative risk (ng, 
of cases/deaihs or 
95% Cl) 

Comments 

McCredie et al. 

Men 

Nonsmoker 

1.0 

Cancer of the ureter; relative risks adjusted 

(1983) 


1—249 kg tobacco in lifetime 

1.9 

for phenacetin consumption and age 

Australia 


2 250 kg tobacco in lifetime 

4.6 


1977—82 


Non smoker 

1.0 

Cancer of renal pelvis 



1—249 kg tobacco in lifetime 

1.3 




& 250 kg tobacco in lifetime 

4.2 


McLaughlin 

Men 

Nonsmoker 

1.0 (3) 

Cancer of renal pelvis; smoking categories: 

et al. (1983) 


Light smoker 

5.5(1.4-25.5) 

light, S 32 pack-years of cigarettes; 

USA 


Moderate smoker 

9.6 (2.5—43.4) 

moderate, 33-57; heavy, > 58; relative risks 

1974—79 


Heavy smoker 

10.7 (2.7-48.9) 

adjusted for age and type of respondent 


Women 

Nonsmoker 

1.0 (8) 

(living case/control or next of kin) 



Light smoker 

4.9 (1.2-20.2) 




Moderate smoker 

7.6 (1.9—31.3) 




Heavy smoker 

11.1 (1.8-68.7) 


Meller-Jensen 

Men 

Nonsmoker 

1.0 (9) 

Crude relative risks calculated by the 

et al. (1983) 


1-14 

4.2 (82) 

Working Group 

Denmark 


15-24 

4.9 (112) 


1979-81 


>25 

4.3 (54) 



Women 

Nonsmoker 

1.0 (23) 




t —14 

2.0 (30) 




^ 15 

2.5 (42) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.3 (confd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 11 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Morrison et al. 

Boston area 




(19841 

Men 

Non smoker 

1.0(53) 


UK and Japan, 


Current smoker 



1976—78 


< 1 pack/day 

1.4(25) 


USA, ] 916-71 


1 pack/day 

3.2 (91) 




£ 2 packs/day 

4.7 (67) 




Former and current smoker 

1.9 (1.3 2.8) 



Women 

Nonsmoker 

1.0 (49) 




Current smoker 





< 1 pack/day 

4.3 (18) 




^ 1 pack/day 

6.2 (48) 




Former and current smoker 

4.2 (2.5-7. V) 



Manchester area 





Men 

Non smoker 

1.0 (28) 




Current smoker 





< L pack/day 

1.9 (85) 




1 pack/day 

3.2 (104) 




> 2 packs/day 

4.0 (31) 




Former and current smoker 

2.2 (1.4-3.5) 



Women 

Nonsmoker 

1.0 (63) 




Current smoker 





< f pack/day 

2.3 (40) 




> 1 pack/day 

2.2 (26) 




Former and current smoker 

1.3 (0.8-2.0) 



Table 2.1.2.3 (contd) 

Reference 

Subjects 

Smoking categories® 

Relative risk (no. 

Comments 

Country and 



of cases/deaths or 


years of study 



95% Cl) 



Nagoya area 





Men 

Nonsmoker 

1.0 (24) 




Current smoker 





< 1 pack/day 

1 .6 (47) 




1 pack/day 

2.1 (92) 




> 2 packs/day 

2.8(33) 




Former and current smoker 

1.7(1,1-2.9) 



Women 

Nonsmoker 

1.0 (45) 




Current smoker 





< 1 pack/day 

4.4 (11) 




> 1 pack/day 

4.2 (7) 




Former and current smoker 

4.3 (2.0-9.2) 


Vineis et al . 

Men 

Nonsmoker 

1.0(19) 


(1984) 


1-14 

4.0 (2.4-6.8) 


Italy 


15-29 

5.7 (3.5-9.3) 


1978^83 


£ 30 

10.1 (4.9-20.7) 


Rebekalos et al. 

Men < 50—> 70 years 

Never-smokcr 

1.0 


(1985) 


1-10 

1.6 (0.9-3.1) 


Greece 


11-20 

2.9 (1.9—4.6) 


1980-82 


21-30 

4.4 (2.4-8.0) 




>31 

4.4 (2.2-8,8) 



3006392140 
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Reference 
Country and 
years of study 


Claude et c\i, 
(1986) 
Germany 
1977-82 


Clavel et al. 
(1989) 
France 
1984—87 


Men and women 
< 59-> 70 years 


D’Avanzo et al. Men 

(1990) 

Italy 

1985-S9 


Smoking categories 0 


Never-smoker 
1-10 
11-20 
21—30 
S 31 

Nonsmoker 
1-10 
1 1-20 
>20 

Nonsmoker 
1-10 
> 10 


Relative risk (no. 

of cases/deaths or 
95% Cl) 


1.0 

1.6 (0.9—2.9) 

2.8 (1.8-4.4) 
4.4 (2.4—8.0) 

4.4 (2.2—8.8) 

1.0 

1.7 (1.1-2.7) 

2.4 (1.6-3.7) 

3.2 (1.9-5.0) 

1.0 

2.4 (1.1-5.5) 

4.9 (1.3-18.8) 

1.0 

3.3 (2.1-5.1) 

4.4 (2.8—6.9) 

6.9 (3.7-12.9) 

2.5 (1.1-6.0) 
2.3 (1.2-4.4) 
4.0 (2.3—6.8) 


p < 0.05 
p c 0.01 

p < 0.001 

p < 0.05 
p < 0.05 

Adjusted for hospital, age and residence 


Adjusted for age 


Table 2.1.2.3 (contd) 

Reference Subjects 

Country and 
years of study 

Harris et al. White men 

(1990) 

USA 

1969 onwards 


White women 


Black women 

Bums & White men 

Swanson (1991) 

USA 


Smoking categories 0 


Non smoker 

I— 10 

II - 20 
21-30 

> 30 

Monsmoker 
1-10 
1 1-20 
21-30 

> 30 

Non smoker 
1-10 
1 1-20 
21-30 
>30 

Non smoker 
Ever-smoker 

Nonsmoker 

1-19 

20 

> 20 


Relative risk (no. 
of cases/deaths or 
95% Cl) 


1.0 

1.7 (1.3-2.1) 
2.4 (1.9-2.9) 
2.6 (2.1-3.1) 


Adjusted for age. education and years since 
quitting 


Adjusted for age 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.3 (contd) 

Reference 
Country and 
years of study 

Subjects 

Smoking categories* 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 


Black men 

Nonsmoker 

1-0 

" “ - — —- 


White women 

1-19 

20 
> 20 

Nonsmoker 

2.3(1.3-4.0) 

3.6 (2.0-6.1) 

4.3 (2.3—7.9) 

1.0 



Black women 

1-19 

20 

>20 

Nonsmoker 

1.9 (1.4-2.5) 

2.6 (2.0—3.4) 

3.0 (2.1—4.1) 

1.0 




1-19 

20 

> 20 

3.7 (2.0-6.7) 

2.5 (l ,1—5.6) 

3.7 (1.4-9.5) 


De Stefani e( pi, 
(1991) 

Uruguay 

1987-89 

Men 

Nonsmoker 

1-14 

15-29 

2? 30 

t.O 

4.7(1.3-16.9) 

1 1 .5 (3.3—40.6) 
8.2(2.2-30.2) 

Adjusted for age, residence, sex and 
hospital 

Lopez- Abente et 
al. (1991) 

Spain 

1983-86 

Men 

Nonsmoker 

1-10 

1 1-20 

21-30 

> 30 

1.0 

1.9(1.1-3.2) 

4.8 (3.0-7.8) 

4.1 (2.4-7. 1) • 

4.2 (2.1—8.4) 

Adjusted for age and residence 




Table 2.1.2.3 (contd) 


Reference 

Subjects 

Smoking categories 8 

Relative risk (no. 

Comments 


Country and 



of cases/deaths or 



years of study 



95% Cl) 



FCunze ei at. 

Men 

Nonsmoker 

1.0 

Adjusted for sex and age 


(1992) 


1-9 

1.7 (1.1-2.5) 


Germany 


10-19 

2.5 <1.7-3.6) 



1977—85 


20-29 

3.6 (2.4—5.4) 





30-39 

9.3 (4.3-20.0) 





>40 

1.9 (1.1-3.5) 




Women 

Nonsmoker 

1.0 


O 



1—9 

2.2 (1.1—4.7) 


ca 

> 



10-19 

3.3 (1.2-9.2) 


O 

n 

o 



> 20 

6.3 (L.7-22.9) 


McLaughlin 


Ever-smoker 

3.9 (2.1-7.3) 

Adjusted for age and study area 

on 

etal. (1992) 


Current smoker 

6.5 (1.2-12.7) 

© 

USA 

Men (n = 193) 

<20 

3.2 (1.4-7.2) 

Renal pelvis 

m 

1983-86 


20-39 

3.8 (1.9—7.6) 





>40 

5.1 (2.4-10.9) 




Women {n ~ 115) 

Ever-smoker 

2.0 (1.2-3.5) 





Current smoker 

2.4(1.3-4.3) 





< 20 

1.4 (0.7-3.0) 





20-39 

2.7 (1.4-5.2) 





k 40 

3.4(0.9-13.4) 




Men (« *= 138) 

Ever-smoker 

5.2 (2.4-1 1.9) 

Ureter 




Current smoker 

11.4 (4.4-31.5) 





< 20 

5,6 (2.0-16.0) 





20-39 

5.4 (2.3-13.1) 





>40 

7.7 (2.6-24.7) 
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Table 2.1.2.3 (contd) 


o. 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 


Women (n ~ 56) 

Ever-smoker 
Current smoker 
<20 

20-39 

2? 40 

Hartge et al. 

Men 


(1993) 

Black 

Never-smoker 

USA 


< 20 

1978 onwards 


> 20 


White 

Women 

Never-smoker 
<20 
> 20 


Black 

Never-smoker 
< 20 
> 20 


White 

N ever- smoker 
<20 
>20 


Men 

Former smoker 


Black 

<20 



> 20 


White 

<20 


> 20 


Relative risk (no. Comments 

of cases/deaths or 
95% Cl) 


3.1 (1.4-7.0) 

4.1 (1.7-10.2) 

2.4 (0.9—6.4) 

4.2 (1.6-11.3) 

3.7 (0.4-38.9) 

Adjusted for age, geographical area, 

1 occupational risk and pipe or cigar use 

2.2(1.0-t.8) 

4.5 (2.1-9.3) 

1.0 

2.1 (1.7-2.6) 

3.0 <2.6-3.6) 

1.0 

1.7 (0,6—4.7) 

2.1 (1.4-10) 

1.0 

2.0 (1.5-2.7) 

3.1 (2.4—4.2) 

1.6 (0.7-3.9) 

1.8 (0.8—4.1) 

1.3 (3.1-1.6) 

1.9 (1.6-2.2) 


Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories® 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 


Women 





Black 

< 20 

3.6 (1.0-13) 




> 20 

5.0 (0.9-28) 



White 

< 20 

2.0 (1.4-2.7) 




> 20 

1.3 (0.9-2.0) 


Vena et al. 

White men 

0—2 pack—years 

L.O 

Adjusted for age, education and 

(1993) 


3—28 pack—years 

1.7 (1.1-2.6) 

consumption of coffee, other liquids. 

USA 


29—48 pack—years 

2.1 (1.4-3.1) 

carbonated drinks, caroLene and calorie 

1979-85 


49— 144 pack—years 

2.7 (1.8—4.0) 

intake 





p for trend < 0.001 

Hours et al. 

Men and women 

< 10 pack—years 

1.0 

Ward controls 

(1994) 


1 1—30 pack—years 

2.5 (1.2-5.4) 


France 


>30 pack—years 

3.6 (1.9-7.0) 


1984-87 


< 10 pack—years 

1.0 

General controls 



1 1 —30 pack-years 

1.7 (0.8-3.6) 




>30 pack—years 

2.3 (1.2-4.3) 


Montas et al. 

Men 

Lifetime iio. of cigarettes 



(1994a) 


< 365 

1.0 


France 


365-146 000 

3.4 (1.6-7.S) 


1987-89 


146 000-320 OOO 

5.0(2.4-10.7) 




>320 000 

8.7 (4.2-17.8) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392143 


IARC MONOGRAPHS VOLUME 83 TOBACCO SMOKE 



Table 2.1.2.3 Ccontd) 


Reference 
Country and 
■years of study 

Subjects 

Smoking categories 8 

Relative risk (no. 
of cases/deaths or 
95% Ci> 

Comments 

Momas et al. 
(1994b) 

France 

19S7—89 

Men 

1-10 

11-30 
> 30 

3.6 (1.8-7.2) 

5.9 (3.1 —J 1.1) 

8.4 (4.0-1 7.8) 

Adjusted for age, occupation coffee intake, 
alcohol intake and diet 

Sorahan et al. 
(1994) 

UK 

1985-87 

Men 

< 10 

10 

20 

30 
£ 40 

1.5 (1.0-2.1) 

1.9 (1.4-2,6) 

2.3 (1.8-3.0) 

2.0 (1.4-2.8) 

2.2 (1.5-3.3) 

Adjusted for age 

Vizcaino et al. 
(1994) 
Zimbabwe 
1963—77 

Men 

Women 

Never-smoker 

Former smoker 

Current smoker 
< 15 g tobacco/day 
> 15 g Tobacco/day 
Never-smoker 
Ever-smoker 

1.0 

0.3 (0.1-1.4) 

1.1 (0.8—i .4) 

1.0 (0,7-1.3) 

1.4 (0.9-2.3) 

1.0 

1.4 (0.4—4.7) 

Adjusted forage group, province, past 
history of bilharzia, education and drinking 
habits 

Adjusted for age group, province, bilharzia 
and education 

McCarthy 
et al.( 1995) 

USA 

1975-92 

Men and women 

< 14 

15-24 
> 24 

1.5 (0.9-2.6) 

1.6 (1.1-2.4) 

2.0 (1.3-3.1) 

Adjusted for sex and age 


Table 2.1.2.3 (contd) 

Reference 
Country and 
years of study 

Subjects 

Smoking categories 1 * 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Donato et al. 
(1997) 

Italy 

1991-92 

Men 

Women 

Lifetime no. of cigarettes 

1000-99 000 

100 000-199 000 

200 000-299 000 

S 300 000 

1000-99 000 

100 000-199 OOO 
> 200 000 

I. 8 (0.6—4.9) 
5.7(2.4-13.7) 

7.2 (2.9-17.8) 

II. 1 (4.7-26.4) 

' 6,6(1.8-24.7) 

7.1 (1,4-36.9) 

12.6 (2.0—77) 

Adjusted for age, residence, education, date 
of interview, and coffee and alcohol intake 

Bedwani et al. 
(1998) 

Egypt 

1994-96 

Men 

Never-smoker 

Current smoker 
< 20 
> 20 

1.0 

6.6 (3.1-13.9) 

5.4 (2.4-12.1) 

7.6 (3 4-16.8) 

Adjusted for age, education, type of house, 
history of schistosomiasis and high-risk 
occupation; p for trend < 0.001 

Pohlabcln et al. 

(1999) 

Germany 

1989-92 

Men 

1-9 

1 0-19 

> 20 

2.5 (1.4-4.5) 

2.6 t .4—4.9) 

3.4 (1 8—6.2) 

Adjusted for age, sex and residence 

Pommer et al. 
(1999) 

Germany 

I990-94 

Men and women 

Never/rare 

Former smoker 

Current smoker 

1.0 

1.6 (1.1-2.2) 

3.2 (2.3-4.5) 

Adjusted for age and sex [results for 
bladder; results also given for renal pelvis 
and renal pelvis or ureter] 


■:=> 

VO 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2 . 1 . 2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 4 

Relative risk (no. 
of cases/deaths or 
95% CI) 

Castelao et al. 

Men 

< 10 

1.2 (0.8-1.8) 

(2001) 


10—< 20 

1.4 (J.0-2.0) 

USA 


20-< 30 

2.2 (1.7-2.8) 

1987-96 


30- <40 

3.1 (2.3-4.2) 



£40 

4.0 (3.0-5.3) 


Women 

< 10 

1.7 (1,0-3.0) 



I0-<20 

2.0 (1.2-3.3) 



20—< 30 

3.2 (2.1-4.9) 



3 0-< 40 

6.9 (2.8-16.9) 



£ 40 

4.2 <2.2—7.7) 

Non-transitlonal-cell bladder cancer 



Fortuny et al. 

Men and women 

Former smoker 


(1999)' 


o .06—2 1 .51 pack—years 

1.6 (0.8-3.0) 

Europe 


21.52—40.51 pack—years 

1.4 (0.6-3.3) 

1083-95 


> 40.52 pack-years 

1.6 (0.7—3.9) 



Current smoker 




0.06—21.51 pack—years 

2.2 (1.0—4.8) 



21.52—40.51 pack-years 

2.7 (1.3-5.6) 



> 40.52 pack-years 

7.0 (3.6-13.7) 


Comments 


Adjusted for age, occupation, diet and 
medical drugs 


Pooled analysis; adjusted for age, gender 
and study centre 




*4 


Table 2.1-2*3 (c ontd) _ 

Reference Subjects Smuking categories’ 

Country and 

years of study _ 


Relative risk (no. 
of cases/deaths or 
95% Cl) 


Combined analysis 

Brennan et al. Men 

( 2000 , 2001 ) 

Europe 
1976-96 


Women 


a Cigarette s/d ay, unless otherwise specified 


1-2 

1.0 

3-4 

1.6 (0.9-2.S) 

5-9 

2.1 (1.3-3.5) 

10-14 

2.4 (1.5-4.0) 

1 5-19 

3.0(1.8-5.0) 

20-24 

3.1 (1.8-5.3) 

25-29 

3.2 (1.9—5.5) 

30-34 

3.2 (1.8-5.8) 

35-39 

2.8 (1.6-5.8) 

£ 40 

3.1 (l.7-5.5) 

1-4 

1.0 

5-9 

1.4 (0.9—2.2) 

10-14 

1.6 (1.0-2.7) 

15-19 

1.6 (1.0-2.7) 

20-24 

1.6 (0.7-4.1) 

25-29 

1.8 (0.6-5.1) 

>30 

1.6 (0.6-4.0) 


Comments 


Adjusted for age, centre and duration of 
smoking 



3006392145 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.I.2.4. Studies on tobacco smoking and cancer of the biadder: duration 
of smoking and age at starting smoking 


Reference 
Country unci 
years of study 


Duration/age at 
starting smoking 
(years) 


Relative risk 
(95% Cl) 


p for trend 



Cohort studies 


Mills eld (1991) Adventists’ Duration 

USA Health Study <5 19(0.6-5.7) 

1976-82 34 ) 98 men and 5-14 0.9(07-4.0) 

women >15 ■ 42(2.1-8.4) 0.0006 

Nordlund ct al. Swedish Census Age at starting smoking 

Study 20-23 3.3 0.2-9.2) 0.018 

Sweden, Swedish 25 829 women <|9 3.4(12-9.5) 

Census Study II 
1964-89 


Case-control studies 


Burch a a!. 


Duration 



(1989) 

Men 

1-10 

16(0.9-2.7) 


Canada 


11-20 

15(0.9-2.5) 


1979-82 


21-30 

1.8(12-2.9) 




>31 

25(1.6-3.4) 

<0.001 


Women 

1-10 

0.8(03-2.0) 




11-20 

1.1 (0.5-2.8) 




21-30 

3.4(1 4-7.9) 




>31 

22(1.3-3.7) 

<0.001 



Age at starting smoking 



Men 

>20 

1.6 (1.1-2.4) 

0.025 



15-19 

25(1.6-3.3) 




<15 

24(1.6-3.6) 



Women 

220 

1.5(09-2,5) 

0.044 



15-19 

2.7(14-5.0) 




<15 

2.4 (0.9—6.4) 


Claude et al. 

Women 

Duration 



(1986) 


0 

1.0 


Germany 


1-20 

5.4(1.4-21.0) 

p < 0.05 

1977-82 


21-40 

12(0.4-3.1) 




>40 

10.4(1.9-56.0) 

R<0.0! 
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D’Avanzo er al. 
(1990) 

Italy 

1985-89 


Duration 

Men <30 1.7 (0.9-3.1) 

>30 3.1 (1.9—4.9) 

Women <30 1.5 (02-6.8) 

> 30 4.6(1.6-13.8) 

Age at starting smoking 

Men and women >20 1.8 (0.9-3.8) 

<20 2.7(1.8-4.1) 


Bums& 

Men 

Duration 

1.1 (0.7-1.7) 

Swanson(1991) 

While 

1-10 

USA 


11-20 

1.3 (0.9—1.8) 


21-30 

2.0(15-2.6) 



3 M0 

2.3(1.8-2.9) 



>40 

2.9(2.3-35) 


Black 

1 10 

2.1 (0.7—6.4) 



11-20 

20(0.7-5.5) 



21-30 

1.9 (0.9-4.0) 



31-40 

2.4(12-4.6) 



>40 

4.1 (2.4-6.8) 


Women 




White 

1-10 

0.8 (0.4-1.6) 



11-20 

1.1 (0.6-2.0) 



21-30 

1.6(0.9-28) 



31-40 

2.5(1.9-35) 



>40 

3.3(25-4.3) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2.1.2.4 (contd) 


Reference 
Country and 
years of study 

Subjects 

Duration/age at 
starting smoking 
(years) 

Relative risk 
(95% Cl) 


Black 

1-10 

0,6 (0.1-4.5) 



11-20 

1.6(03-8.1) 



21-30 

2.9(1.1-7.5) 



31-40 

2.0 (0.84.8) 



>40 

7.4(3.8-14.2) 

De Stefani el ai 

Men 

Duration 


(mi) 


1-29 

2.7(0.6-11.6) 

Uruguay 


30-39 

9.5 (2.3-39.4) 

1487-89 


40-49 

9.4(2.6-34.2) 



>50 

8.7 (2.5-30.7) 



Age at starting smoking 



>20 

1.0 



15-19 

2.1 (0.9-4.6) 



<14 

1.8(0.84.2) 

Lopez-Abeme 

Men 

Duration 


era/. (1991) 


1-19 

1.8 (0.9-3.5) 

Spain 


20-39 

3.9 (2.4-6.5) 

1983-86 


40-59 

4.7(2.9-7.51 



>60 

4.4(2.04.8) 

Kunzeera/. 


Duration 


(1992) 

Men 

1-19 

1.1 (0.7-1.7) 

Germany 


20-39 

26(1.6-3.3) 

1977-85 


>40 

3.7 (2.6-5,3) 


Women 

1-19 

3 8(1.4-10.3) 



20-39 

1.3 (0.5-3.4) 



>40 

5.6 (2.0 15.4) 



Age at starting sm 

loking 


Men 

>21 

2.2(1.6-3.2) 



16-20 

2.6 (1.8—3.6) 



<15 

6.2(3.4-11.!) 


Women 

£21 

15(1.3-5.0) 



16-20 

4.8(1.7-13.3) 



<15 

1.6(0.2-12.2) 


p for trend 


< 0.001 


0.24 


<0 0001 


Table 2.1.2.4 (contd) 

Reference 

Country and 
year; of study 

Subjects 

Doration/'age at 
starting smoking 
(years) 

Relative risk 
(95% Cl) 

p for trend 

McLaughlin el al. 


Duration 



(1992f 

Men 

<26 

2.4(1.1-5.5) 


USA 


26-37 

3.1 (1.5-6.7) 


1983-86 


3845 

4.7(2.1-10.7) 




>46 

5.9(2.6-13.7) 

<0.QU1 


Women 

<26 

0.9(03-2.2) 




26-37 

14(0.6-3.4) 




3845 

2.2(1.04.9) 




>46 

7.9(2.8-22.6) 

<0.001 



Age at starting smoking 



Men 

>25 

0.4(0.74.6) 

0.10 



15-24 

1.2(2.3-84) 




<14 

1.0 



Women 

>25 

04(0.0-7.2) 

0.002 



15-24 

1.0(0.1-74) 




<14 

1.0 


Momasefal. 

Men 

Duration 



(1994b) 


1-39 

2.9(1.24.8) 


France 


40-55 

5.3 (2.8-0.9) 


1987-89 


>55 

7.1 (3.3-15.2) 

<0.0001 



Age at starting smoking 




>21 

4.6(2.0-104) 




17-20 

4,9 (2.6—9.2) 




13-16 

5.4(2.8-10.6) 




<12 

20.3(6.9-59.8) 


Sorahane/flL 

Men 

Duration 



(1994) 


1-9 

0.9 (0.6—1.5) 


UK 


10-19 

14(1.0-1.9) 


1985-87 


20-29 

1.8(14-2.5) 




30-39 

7.6(18-7,3) 




> 40 

2.9(2.24.8) 

< 0.001 



Age at starting srr 

loking 




>21 

2.0(1.4-2.8) 

0.175 



17-20 

1.9(1.4-24) 




7-16 

23(1.7-2.9) 



[ 

I 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.4 (contd) 


Reference 
Country and 
years of study 

Subjects 

Duration/age at 
starting smoking 
(years) 

Relative risk 
(95% Cl) 

p Tor trend 

Pohlabeln etal. 

Men 

Duration 



(1999) 


1-19 

l.S (0.9-3.3) 


Germany 


20-39 

2.8(1.5-5.2) 


1989-92 


>40 

10(2.6-9.6) 




Age at starting smoking 




>21 

2.1(1.1-3.9) 




16-20 

3.0(1.7-5.4) 




<15 

3.4 (1.6-7.2) 



Women 

Duration 





1-19 

5.2(0.9-30.7) 




20-39 

5.7(1.0-32.2) 




>40 

5,2(0.9-30.7) 




Age at starting smoking 




>21 

2.4(0.6-9.91 




<20 

16.6(2.0-136.7) 


Castekoera/. 

Men 

Duration 


Adjusted by age, 

(2001) 


Nevcr-smoker 

1.0 

medical drags, 

USA 


<10 

1.2 (0.8-1.7) 

occupation, diet 

1987-96 


10-19 

1.4(1.1-1.9) 




20-29 

2.4(1.8-3.2) 




30-39 

3.3 (2.5—4.3) 




IV 

-fv 

O 

4.2 (3.1-5.6) 



Women 

Duration 





Never-smoker 

10 




<10 

0.8 (0.4-1.7) 




10-19 

1.5 (0.9-28) 




20-29 

2.3(14-3.9) 




30-39 

5.4(32-9.2) 




>40 

6.0(3.1-11.7) 


Brennan el a!. 

Men 

Duration 

1-9 cigarelles/day 


(2000,2001) 


1-9 

13 (08-1.9) 


Europe 


10-19 

2.0(1.4-2.8) 


1976-96 


20-29 

2.0(14-2.7) 




30-39 

22(1.7-2.9) 




>40 

32 (2.6-4.1) 





dgareUex/dny 



1-9 

1.4(0.7-15) 




10-19 

2.1 (1.5—2.9) 




20-29 

2.8 (2.1-3.6) 




30-39 

4.3(3.5-52) 




>40 

5.1(43-6.1) 



Table 2,1.2.4 (contd) 


Reference Subjects Duration/age at Relative risk p for trend 

Country and starting smoking (95% Ci) 

years of study (years) 



1-9 

20 29 cigareltes/day 

0.9(03-3.2) 


10-19 

1.5(08-3.0) 


20-29 

3.6(2.5-53) 


30-39 

5.8 (43-7.8) 


>40 

5.7 (4.4-7.4J 


1-9 

210 cigarettes/day 

0.4 (0.1—3.5) 


10-19 

2.2(12-3.9) 


20-29 

42 (28-6.4) 


30-39 

43(3.1-6.0) 


>40 

52(3.9-6.9) 

Women 

Duration 

Adjusted for age, 


1 9 

10 centre and 


10-19 

1.2 (0.6-2.3) number of 


20-29 

13(0.7-2.5) cigareltes/day 


30-39 

1.9(1,1-3.5) 


>40 

2.0(1.1-3.5) 


Cl, confidence interval 

* Renal pelvis; similar data available for ureter 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 1.1.2. 5. Studies on tobacco smoking and cancer of the bladder: smoking cessation 


Reference 
Country and years 
of study 


Subjects 


Years since cessation 2 


Relative risk 
(no. of cases 
or 95% Cl) 


p for trend/Comments 


Cohort studies 


Kahn(1966) 

USA 

1954—62 

US Veterans’ Study 

293 958 men 

Current smoker 
Former smoker 

Doll &, Peto (1976) 

UK 

1957-71 

British Doctors' Study 

34 44Q men 

Current smoker 
Former smoker 

Rogot 8c Mu tray (1980) 
USA 

1954-69 

US Veterans Study 

293 958 men 

Current smoker 
Former smoker 

Sceineck et erf. (1988) 
Sweden 

1967-82 (14 years) 

Swedish Twin Registry 
Study 

16 477 persons 

Former smoker 
Ever-smoker 

Mills et al. (1991) 

USA 

1976-82 

Adventist Health Study 

34 198 men and women 

Former smoker 
Current smoker 

Chyou et al. (1993) 

USA 

1965-95 

American Men of 

Japanese Ancestry Study 
8006 men 

Former smoker 
Current smoker 

Doll et al. (1994) 

UK 

1951-91 

British Doctors’ Study 

34 439 men 

Former smoker 
Current smoker 


2.2 (82) 



1.6 (51) 

p for trend < 0.01 

> 



o 

Mortality ratio 

Ratios of annual mortality rates per 

2 

[2.1](80) 

100 000 men 

§ 

[1.2] 


8 

SMR 

Standardized mortality ratio 

j£ 

2.2 (326) 


~0 

1.4 (126) 


zr, 

C/D 

1.9 (0.8-4.7) 

Analysis for men only 

S 

3.3 (1.7—6,7) 


t— 

ci 

S 

2.4 (1.3-4.7) 


P"3 

OO 

5.7(1.7-18,6) 

1.4 (0.7—2.6) 

2.9 (1.7-4.9) 

p for trend = 0.001 

eo 

Mortality rate 

13 

21 

Annual mortality rate per 100 000 men 




TabJe 2.1.2.5 (contd) 


Reference 

Country and years 
of study 

Subjects 

Years since cessation 3 

Relative risk 
(no. of cases 
or 95% CT) 

p for trend/Comments 

Me Laughlin et al. 

(1995) 

USA 

1954-80 

US Veterans’ Study 

293 958 men 

Former smoker 

Current smoker 

1.3 (1.1-1.6) 

2.2 (1.9-2.6) 


Engeland et al. (1996) 
Norway 

1 966-93 

Norwegian Cohort Study 

11 857 men, 

14 269 women 

Former smoker 

Men 

Women 

2.1 (1.3—3.2) 

1.5 (0.6—3.5) 

Relative risks for current smoker by no. 
of cigarettes/day are given in Table 

2.1.2.2, 

NordJund et al. (1997) 
Sweden 

1963-89 

Swedish Census Study 

25 829 women 

Former smoker 

Current smoker 

2.5 (1.1-5.9) 

2.3 (1.4-3.8) 


Tulinius et al. (1997) 
Iceland 

1968-95 

Reykjavik Study 

11 580 men 

Former smoker 

2.3 (1.4-3.9) 

Relative risks for current smoker by no. 
of cigarettes/day are given in Table 

2.1.2.2. 


Case—control studies 



Anthony Sl Thomas Men Current smoker 0.9 (18S) Age-adjusted relative risks calculated 

0 970) Fomer smoker 1.2 (43) by the Working Group 

UK 

1958-67 






Table 2.1.2.5 (contd) 


Reference 

Country and years 
of study 

Subjects 

Years since cessation 14 

Relative risk 
(no. of cases 
or 95% CI> 

Tyrell et al. (1971) 

Men 

0 

3.9 (129) 

Ireland 


0.1-3.9 

1.5 3) 

1967-68 


4.0—6.9 

2.9(5) 



7.0-12,9 

4.1 (6) 



13,0-21.9 

6,2 (9) 



> 22.0 

2.7(11) 

Wynder & Goldsmith 

Men 

1-3 

2.6 (1.6-4.5) 

0977) 


4-6 

2.9 (1.7-5.2) 

l969—74 


7-9 

1.5 (0.8-3-0) 



10-12 

1.6 (0.8-3.1) 



13-15 

1.2 (0.6-2.5) 



> 16 

1.1 (0.7-1.8) 

Howe et al. (1980) 

Men 

Current smoker 

1.0 

Canada 


2-15 

0.6 (0.4—0.9) 

1974—76 


> 15 

0.5 (0.4—0.8) 


Women 

Current Smoker 

1.0 



Former smoker 

0.2 (0.1—0.5) 

Cartwright et al. (1983) 

Men (current and former 

< 5 

1.7 

UK 

smokers) 

6-15 

1.0 

1978-81 


16-25 

1.1 



26-35 

0.9 



>35 and never-smoker 

1,0 (reference) 


p for trend/Comments 


Crude relative risks calculated hy the 
Working Group 


Relative risks calculated by the 
Working Group from logistic regression 
coefficients 


Table 2.1. 2.5 (contd) 


Reference 

Country and years 
of study 

Subjects 

Years since cessation* 

Relative risk 
(no. of cases 
or 95% CO 

p for trend/Comments 

McLaughlin et al. 

Men 

Current and former smokers 

7.6 (47) 


(1983 ) b 


5 10 

4.3 


USA 

Women 

Current and former smokers 

5,8 (16) 


1974-79 


> 10 

3.9 


Morrison et al. (1984) 

Men, former smokers 



Relative risks adjusted for intensity of 

Japan and UK, 1976-78 

Boston area 

Versus nonsmokers 

1-5 (191) 

smoking 

USA, 1976-77 


Versus current smokers 

0.5 (0,4-0.8) 



Manchester 

Versus nonsmokers 

1.8 (150) 



area 

Versus current smokers 

0.7 (0.5—0.9) 



Nagoya area 

Versus nonsmokers 

1.0(28) 




Versus current smokers 

0.5 (0.3-0.8) 



Women, former smokers 





Boston 

Versus nonsmokers 

3.4 (50) 



Manchester 

Versus nonsmokers 

0.7 (26) 


Vineis et al. (1984) 

Men aged < 60 

0-2 

10.2 (5.0—21.2) 


Ttaly 


3-9 

3.3 (1.2-9.2) 


1978-83 


10-14 

1.6 (0.3—8.2) 




> 15 

1.9(0.5-7.9) 



Men aged > 60 

0-2 

3-S (2.0—7.2) 




3-9 

2.8 (1.2-6.6) 




10-14 

2.4 (0.9—6.3) 




> 15 

2.5 (1.0-5.8) 



3006392150 
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Table 2.1,2.5 (contd) 


KJ 


Reference Subjects 

Country and years 
of study 


Years since cessation* Relative risk p for trend/Commems 

(no. of cases 
or 95% Cl) 


Clave! et al. (1989) 
France 
1984-87 


Burch et al. (1989) 
Canada 
1979-82 


Harris et al. (1990) 
USA 

1969 onwards 


Men 

Men 

Women 

White men 
Black men 
White women 
Black women 


0—2 (reference) 

3-9 

10-14 

> 15 

1-5 

> 5-10 

> 10 
Current 
1—5 

> 5-10 

> 10 
Current 

Former 

Current 

Former 

Current 

Former 

Current 

NA 


1.0 

1.0 ( 0 . 6 - 1 . 3 ) 

0.7 (0.4-1.2) 

0.4 (0.3-0.6) <0.001 

1.1 (0.6—1.9) 

0.S (0.4-1.7) 

1.4 (0.7-2.8) 0.16 

1.6 (0.8-3.0) 

0.4 (0.2-1.2) 

0.7 (O.l^l.l) 

0.8 (0.2-3.7) 0,09 

1.0 (0.3—3.4) 

2.1 (1.7-2.6) 

3.2 (2.6—3.9) 

1.6 (0.8-3.4) 

2.0 (1.0-3.9) 

1-3(1.0-1. S) 

3.2 (2.4—4,1) 


D'Avanzo et al. (1990) Men and women 
Italy 
1985—89 


> 15 
5-14 
2-14 


1.2 ( 0 . 6 - 2 . 5 ) 

1.8 (1.0-3.2) < 0.01 

3.1 (1.6-6.2) 



Table 2.1.2.5 (contd) 


Reference 

Country and years 
of study 

Subjects 

Years since cessation 0 

Relative risk 
(no. of cases 
or 95% Cl) 

p for trend/Comments 

E>e Stefani et al. (1991) 

Men 

1-4 

0.5 (0.2-1.3) 


Uruguay 


5-9 

0.5 (0.2-1,3) 


1987-89 


> 10 

0.4 <0.2—0.8) 

0.009 

Lopez—Abente et al. 

Men 

0-5 

4.4 (2.8-7.0) 


(1991) 


6-15 

3.0 (1.7-5.2) 


Spain 


> 16 

2.4 (1.3-4.3) 

< 0.0001 

1983-86 





Kunze et al. (1992) 

Men 

1-9 

1.3 (0.9—i .8) 


Germany 


10-19 

0.7 (0.5-1.0) 


1977-85 


> 20 

0.6 (0.4—0.9) 



Women 

1—9 

0.8 (0.3-2.7) 




10-19 

1.7 (0.4-7.0) 




>20 

2.2 (0.8-6.3) 


Me Laughlin et al. 

Men 

Current smoker (reference) 

1.0 


(1 992) b 


< 10 

0.5 (0.1 -1.6) 


USA 


10-24 

0.3 (0.2-0.6) 


1983-86 


>25 

0.2 (0.1-0.6) 

< 0.001 


Women 

Current smoker (reference) 

1.0 




< 10 

1.1 (0.3—4.2) 




10-24 

0.4 (0.1-1.2) 




> 25 

0.7 (0.1-4.7) 

0.10 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.2.5 (contd) 


Reference Subjects 

Country and years 
of study 


V ears since cessation" 


Relative risk p for trend/Cominents 
(no. of cases 
or 95% Cl) 


Momas et al. ( 1994b) Men 

France 
1987-89 

Soraban £?/«).( 1994) Men 

UK 

1985-87 


Me Carlhy et at. (1995) 

USA 

1975-92 

Donato et ul . (1997) 

Italy 

1991-92 

Bedwani et al. (1998) 

Egypt 

1994-96 

Pohlabeln et at. (1999) 

Germany 

1989-92 


Men and women 


Women 


£2 

3-15 

5.0 (2.6-9.7) 

7,1 (3.6-13.9) 



> 15 

4.6 (2.3-9.1) 


:> 

Current smoker 

3. 1 (2.4-4. L) 


TO 

O 

1-9 

1.9 (1.4—2.6) 


o 

10-19 

1.5 (1.1—2.1) 


2 ; 

> 20 

1.2 (0.9—1.7) 


0 

Former smoker 

1.3(1.0-1.7) 


$ 

Current smoker 

1.7 (1.2-2.3) 


-0 

3= 

Former smoker 

4.8(2.2-10.7) 


on 

< 

O 

t— 

Current smoker 

8.4 (3.7-19) 


s 

< 10 

5.8(1.6-21.0) 

Adjusted for age, education, type of 

m 

go 

>10 

3.4 (1.0-10.7) 

house, history of schistosomiasis, high- 


Former smoker (1-9) 
Fomer smoker (> ] 0) 
Current smoker 

Former smoker 

Current smoker 

3.4 (1.6-6.9) 

J.7 (0.9-3.0) 

5.2 (2.7-9.7) 

5.2 (1.3-20.2) 

5.6 (1.1-27.3) 

risk occupation 




Table 2.1.2.S (contd) 


Reference 

Country and years 
of study 

Subjects 

Years since cessation® 

Relative risk 
(no. of cases 
or 95% Cl) 

p for trend/Comments 

Pommer et al. ( 1999) 

Men women 

Former smoker 

1.6(1.1-2.2) 


Germany 


Current smoker 

3.2 (2.3-4.5) 


1990-94 





Castclao et al. (2001) 

Men 

Never-smoker (reference) 

1.0 


USA 


Ever-smoker 

2.5 (2.1-3.0) 


1987-96 


Former smoker 

1.7 (1.4-2.1) 




< 10 

2.3 (1.8-2.9) 




10-19 

1.9 (1.5-2.5) 




£ 20 

1.1 (0.9-1.5) 

c 0.001 



Current smoker 

3.6 (2.8 4.6) 



Women 

Never-smoker (reference) 

1.0 




Ever-smoker 

2.8 (2.0-4.0) 




Former smoker 

1,5 (1,0-2.4) 




< 10 

2.7 <1.5-4.8) 




10-20 

1.1 (0.6-2.1) 




> 20 

1.1 (0.6-2.0) 

0.008 



Current smoker 

4.6 (3.0-7.0) 


Combined analyses 





Fortuny et al. (1999) 

Men and women 

Nonsmoker 

1.0 

Adjusted for age, gender, study centre 

Europe 


Fortner smoker 

j .4 <0.8-2.5) 

Non-cancer controls 

1983-85 


Current smoker 

3 6 (2.1-6.3) 




Former smoker 

0.6 (0.3-1.3) 

Cancer controls 



Current smoker 

0.8 (0.4-1.4) 



o 

o 


o 

7 * 
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Table 2.1.2.5 (contd) 


Reference Subjects Years since 

Country and years cessation 8 

of study 


Relative risk (no. of cases or 95% Cl) 


Brennan et cil. (2000, 
2001 ) 

Europe 
1976-96 


Men 


Women 


Average consumption (cigarettes/day) c 



1-9 

10-19 

20-29 

> 30 


Current smoker 

1.0 

1.0 

1.0 

1,0 



0.64 (0.53-0.79) 

1.01 (0.36-2.82) 

0.62 (0.43-0.89) 

0.67 (0.52-0.86) 

<"*> 

5—9 

0.67 (0.55-0.82) 

0.21 (0.05-0.95) 

0.63 (0.47-0.85) 

0.87 (0.66-1.16) 

s 

o 

10-14 

0.61 (0.50-0.75) 

0.57 (0.25-1.28) 

0.65 (0.49-0.86) 

0.76 (0.54-1.08) 


15^19 

0.46 (0.36—0.59) 

0.61 (0.29-1.27) 

0.57 (0.41-0.79) 

0.33 <0.17-0.65) 

s 

20-24 

0.45 (0.35-0.58) 

0.50 (0.25-1.01) 

0.58 (0.39-0.78) 

0.82 (0.27-2.47) 


> 24 

0.37 (0.30-0.45) 

0.57 (0.34-0.97) 

0.49 (0.34-0.70) 

0.65 (0.24-1.78) 


Nonsmoker 

0.20 (0.17—0.24) 

0.34 (0.21-0.55) 

0.21 (0.17-0.26) 

0.20 (0.16-0.23) 

rn 

CO 

Current smoker 

1.0 




< 

<5 

0.63 (0.28-1.1) 




o 

r- 

5-9 

0.56 (0.28-1.1) 




cz 

10-14 

0.52 (0.26-1.0) 




2 

m 

15—19 

1.1 (0.53-2.2) 




OV 

20-24 

0.52 (0.23—1 .2) 





=> 24 

0.84 (0.48-1,5) 





All former smokers 

0.67 (0.48-0.93) 






a The reference category is non smoker, unless otherwise specified. 
b Cancer of the renal pelvis, similar results obtained for cancer of the ureter 
c Adjusted for age, centre and number of cigarettes per day 


Table 2.I.2.6. Case-control studies on tobacco smoking and cancer of the lower urinary tract: type of tobacco 
and inhalation 


Reference Subjects Type of tobacco/type of 

Country and inhalation 

years of study 


Relative risk" Comments/p for trend 

(95% Cl or no. 
of cases/deaths) 


Lockwood (1961) 

Men 

Non-tnhalers (ref.) 

1.0 

Denmark 


Inhalers 

[0.7] (65) 

1956-57 




Cole et al. (1971) 

Men 

Non-inhalers (ref.) 

1.0 

USA 


Somewhat inhalers 

1.0 

1967-68 


Deep inhalers 

1.4 


Women 

Non-inhalers (ref.) 

1.0 



Somewhat inhalers 

1.8 



Deep inhalers 

2.5 

Howe eta/. (1980) 

Men 

Inhale untipped moderately 

0.7 

Canada 


Inhale untipped heavily 

1.1 

1 974—76 


Inhale filter-tipped moderately 

1.2 



Inhale filter-tipped heavily 

I.l 


Women 

Inhale untipped moderately 

1.1 



Inhale untipped heavily 

0.8 



Inhale filter-tipped moderately 

1.1 



Inhale filter-tipped heavily 

2.4 


Age-adjusted relative risks calculated 
by the Working Group 


Calculated by the Working Group 
from regression coefficients; reference 
category is all otheT smokers of the 
same amount 
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Table 2A.2.6 (contd) 


Reference 

Country and 
years of study 

Subjects 

Type of tobacco/type of 
inhalation 

Relative risk 3 
(95% Cl or no. 
of cases/dealhs) 

Comments//? for trend 

Morrison etal. (1984) 

Men 



Relative risks are for deep inhalers 

UK and Japan, 1976—78 

Boston area 

Non-inhalers (ref.) 

1.0 

versus inhaling somewhat or not at a! 

USA, 1976-77 


Inhalers 

1.4 (0.8—2.3) 

and adjusted for current intensity of 


Manchester 

Non-inhalers (ref.) 

1.0 

smoking 


area 

Inhalers 

1.3 (0.8-1.9) 



Nagoya area 

Non-inhalers (ref.) 

1.0 




Inhalers 

14 (1.0-2.1) 



Women 





Boston area 

Non-inhalers (ref.) 

1.0 




Inhalers 

2.4 (0.7-7.8) 



Manchester 

Non-inhalers (ref.) 

1.0 



area 

Inhalers 

0.7 (0.3-1.8) 


Burch et al. (1989) 

Men 

Non-inhalers 

1.1 (0.7-2.0) 


Canada 


Somewhat inhalers 

1.4 (0.9—2.2) 


1979-82 


Deep inhalers 

1.5 (0.9-2.4) 

0.11 


Women 

Non-inhalers 

0.9 (0.4-2.2) 




Somewhat inhalers 

0.7 (0.3-1.6) 




Deep inhalers 

0.4 (0.1-1.0) 

0.028 

Clave! et at. (1989) 

Men 

Blond 

1.9 (1.2-2.9) 


France 


Mixed 

3.0(1.6-5.7) 


1984-87 


Black 

4.4 (2.3—8.3) 




Non-inhalers 

2.1 (1.3-3.4) 




Inhalers 

5.7 (3.7—8.8) 



> 

TO 

ri 


o 

c> 


> 

3C 


< 

o 


si 

m 


oo 



Table 2.1.2.6 (contd) 


Reference Subjects Type of tobacco/type of Relative risk* Comments//? for trend 

Cutltry and inhalation (95% Cl or no. 

years of study of cases/deaths) 


D’Avanzo et at. (1990) 
Italy 

1 985—89 

M en and women 

Blond/mixed 

Black 

De Stefani et ah (1991) 
Uruguay • 

1987-89 

Men 

Blond 

Mixed 

Black 

Lopez-Abente et al. 
(1991) 

Spain 

1983-86 

Men 

No inhalation 
Moderate inhalation 
Deep inhalation 

Blond 

Black 

Momas et al. (1994b) 
France 

1987-89 

Men 

Blond 

Black 

Castelao et al. (2001) 

USA 

1987-86 

Men and women 

Light inhalation (ref.) 
Moderate inhalation 
Deep inhalation 


2.7 (1.8—4.0) 

3.8 (2.0-7.4) 


1.0 

—1 

o 

2.4 (1.0-5.6). 

W 

2.7 (1.3-5.4) 

>* 

O 

o 

\ .5 (0.9-2.7) 

o 

3,7 (2.2-0.2) 

C/? 

2 

4.9 (3.0-7.8) 

o 

3.2 (J.5-6.6) 

3.7 (2.4—5.8) 

3.1 (J-3-7.8) 

6.7 (3-1-10.4) 

m 


LO 

1.2 (0.9-1.6) 
l.l (0.5-1.8) 


0 Unless otherwise specified, the reference is nonsmoker. 
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Table 2.1.2.7. Case—control studies on tobacco smoking and cancer of the lower urinary tract; type of cigarette 


Reference 
Country and 
years of study 


Use of filter-tipped cigarettes Relative risk Comments 

(95% Cl or no. 
of cases/deaths) 


Wynder <& Goldsmith (1977) 

Men 

Filter-tipped {>10 years) 

3.0 (2.1-1.3) 


USA 


Unlipped (> 10 years) 

3.1 (2.1-4.7) 


1969-74 





H owe et al. (1980) 

Men 

Filter-tipped 

1.0 

Calculated by the Working Group 

Canada 


Untipped 

1.1 

from regression coefficients; reference 

1974—76 

Women 

Filter-tipped 

1.0 

category, all other smokers of (he same 



Untipped 

1.1 

amount 

Cartwright et al. (1983) 

Men and 

Filter-tipped 

1.05 (0.7-1.5) 

Adjusted for age and sex 

UK 

women 

Untipped 

1.4 (1.1-1.7) 


1978-81 


Both types 

1.6 (1.3-2.0) 


Morrison et al. (1984) 

Men 



Adjusted for current intensity of 

UK and Japan, 

Boston area 

Filter-tipped 

1.3 (0.7-2.3) 

smoking 

19 76-7 S 


Untipped (reference) 

1.0 


USA, 1976-77 






Manchester 

Filter-tipped 

1.2 (0.8—1.8) 



area 

Untipped (reference) 

1.0 



Nagoya area 

Filter-tipped 

1.0 (0.5-1.9) 




Untipped (reference) 

J.O 


Vineis et al. ( 1984) 

Men 

100 % filter-tipped 

0.3 

Relative risks adjusted for age, high- 

Italy 


75-99% filter-tipped 

0.5 

risk occupation, average daily amount 

1978-83 


50-74% filter-tipped 

1.1 

of smoking, years since stopping and 



50% filter-tipped 

1.0 

type of tobacco 


Table 2.1.2.7 (contd) 


Reference 

Subjects 

Use of filter-tipped cigarettes 

Relative risk Comments 

Country and 



(95% Cl or no. 

years of study 



of cases/deaths) 

Burch et al. (1989) 

Men and 

Nonsmoker (reference) 

1.0 

Canada 

women 

Current smoker: 


1 979-82 


Filter-tipped only 

1.4 (0.7—2.6) 



Untipped only 

Former smoker (quit 
<■ 10 years ago) 

1.0 



Filter-tipped only 

1.4 (0.6—3.0) 



Untipped only 

0.9 (0.4-1.8) 

Clavol et al. (1989) 

Men 

Total life-long consumption 


France 


100 % filter-tipped 

3.1 (1.9-5.3) 

1984^87 


75—99% filter-tipped 

5.0 (2.5-10.4) 



50—74% filter-tipped 

4.8 (2.1-10.8) 



< 50% filter-tipped 

4.0 (2.6-6.2) 

De Stefani et al. (1991) 

Men 

Filter-tipped 

0.7 (0.4-1.5) 

Uruguay 

1987-89 


Untipped (reference) 

1.0 

L6pez-Abente et al. (1991) 

Men 

Filter-tipped 

0.6 (0.3-1.0) 

Spain 


Mixed use (reference) 

1.0 

1983-86 


Untipped 

1.1 (0.6-2.5) 

Momas et al. (1994b) 

Men 

Nonsmoker (reference) 

1.0 

France 


Filter-tipped 

5.1 (2.6-10.0) 

1987-89 


Untipped 

5.5 (3.0-10.2) 


«_K» 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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21.3 Renal-cell carcinoma 

The evidence available at the time of the JARC Monograph on tobacco smoking 
( 1 ARC, 1986) did not allow the conclusion that there is a causal association between 
Sidney cancer and tobacco smoking. 

The designs of the cohort studies are described in the introduction to Section 2 and 
Table 2.1 and those of the available case-control studies are summarized in Table 2.1.3.1. 

Tables 2.1.3.2 and 2.1.3.3 summarize the results of the cohort and case-control 
Studies, Most (12/21) of these studies show a significant increase in risk and a positive 
association with the number of cigarettes smoked, although tests for trend were rarely 
reported. The increase in risk associated with smoking 20 cigarettes per day is above 1.3 
(e.g, Benhamou et at, 1993; Kreiger el ai, 1993; Nordlund et al, 1997). The results are 
consistent across study designs (cohort studies, hospital- and populalion-based case- 
control studies) and in both sexes. 

Studies that looked at the effect of duration of smoking and/or age at starting smoking 
(La Vecchia et ai, 1990; McCrcdie & Stewart, 1992; Benhamou et ai, 1993; Kreiger 
eta!., 1993; McLaughlin et al., 1995a; Nordlund et al., 1997; Yuan et al... 1998) found 
only a weak association. The relative risk for former smokers was investigated in most 
studies, and all but three studies (Talamini et al. , 1990; Schlehofer et ai., 1995; Nordlund 
et al., 1997) showed a lower risk than in current smokers, although it was not always 
below unity. A significant negative trend was observed with increasing number of years 
since quitting in five (McLaughlin et al, 1984; La Vecchia el al., 1990; McCredie & 
Stewart, 1992; McLaughlin et al, 1995a; Yuan et ai, 1998) of six studies. 

Other known risk factors for kidney cancer include raised body-mass index (obesity) 
and hypertension, A few studies have adjusted for these potential confounders. La Vecchia 
et al. {i 990), Talamini et a!. (1990), McCredie and Stewart (1992), Kreiger et al. (1993), 
McLaughlin et al. (1995a), Yuan eta!. (1998) and Chow et al (2000) adjusted for body- 
mass index, whereas Kuller et a!. (1991) and Chow et al. (2000) adjusted for blood 
pressure. Their results suggest that there is no confounding effect of body-mass index or 
hypertension. It should be noted that confounding from body-mass index is likely to 
attenuate the association between kidney cancer and smoking, because smoking tends to 
induce a decrease in body-mass index. Therefore, an assessment of risk stratified by body- 
mass index would be more appropriate than adjustment for it. A large cohort study has 
evaluated die changes in body-mass index and blood pressure on the risk for kidney 
cancer (Chow et al, 2000). As compared with men in the lowest three-eighths of the 
cohort for body-mass index, men in the middle three-eighths had a 30-60% greater risk 
for renal-cell cancer, and men in the highest two-eighths had nearly double the risk. After 
adjustment for body-mass index and hypertension, current and former smokers still had a 
greater risk for renal-cell cancer. 
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Table 2,1,3.1. Case-control studies on tobacco smoking and renal cancer: main 
characteristics of study design 


Reference 

Country and years of 
study 

Numbers ofcases and 
controls 

Criteria for eligibility and comments 

Schwartz et al. 

(.1961) 

France 
started 1954 

Men: 69 cases and 

69 controls 

Hospital-based study; controls had been admitted to 
hospitals for accidents; matched on age, hospital 
group, interviewer and date of interview 

Bennington & 
Laubscher(1968) 

USA 

1951-66 

Men. 88 cases and 

170 controls; women: 
12 cases and 20 
controls 

Hospital-based study; information on smoking habits 
retrieved from clinical records; information lacking 
for 22/122 cases and 70/190 controls (the latter were 
replaced) 

Wynder etui. (1974) 
USA 

1965-73 

Men: 129 cases and 

256 controls; women: 
73 cases and 138 
controls 

Hospital-based study; controls were patients admitted 
for conditions not related to smoking (75% of which 
were malignant neoplasms) and age-matched to the 
cases. 

Armstrong et al. 
(1976) 

UK 

1972-74 

Men: 74 cases and 74 
controls; women: 32 
cases and 32 controls 

Hospital-based study; age- and sex-matched hospital 
controls (tobacco-related diseases not excluded); 48% 
of eligible cases in Oxford area and 44% in London 
could not be Interviewed (mostly because of death); 

19 lost controls replaced 

McLaughlin etal. 
(1984) 

USA 

1974-79 

Men: 313 cases and 

428 controls; women: 

182 cases and 269 
controls 

Population-based study; all newly diagnosed cases in 
the Minneapolis-St Paul area, controls: age- and sex- 
stratified random sample of the population and 495 
randomly selected deceased individuals matched (for 
age, sex and year of death) to deceased cases 

LaVecehiaero/ 

(1990) 

Italy 

1985-89, 

Men: 85 cases; 
women: 46 cases; 

394 matched controls 

Hospital-based study using interviews. Incident cases 
confirmed histologically; median age, 60 years. 

Controls with traumas (30%), non-trauiuatic 
orthopaedic conditions (17%), acute medical (13%) 
and surgical (6%) diseases and others (34%); median 
age, 60 years. 

> 97% participation rate for cases and controls 

Talamini etal 
(1990) 

Italy 

1986-89 

Men: 150 cases and 

445 controls; women: 
90 cases and 220 
controls 

Hospital-based study using interviews. Cases 
confirmed histologically; aged 20-74 years, 97% 
response rate. Controls mainly with nun-lraumalic 
orthopaedic, traumatic and surgical conditions and eye 
diseases; matched by age (5-year groups), sex, area of 
residence and hospital; tobacco-, alcohol- and 
hormone-related diseases excluded; 96% participation 
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Table 2,1 J. I (contd) 


Reference 

Country and years of 
study 

Numbers of cases and 

controls 

Criteria for eligibility and comments 

McCredie& Stewart 
(1992) 

Australia 

1989-90 

Men; 310 cases and 

231 controls; women: 
179 cases and 292 
controls 

Population-based study using interviews. Cases 
ascertained from Cancer Registry, confirmed by 
histology (87%), line needle aspiration cytology (1%) 
or computerized tomography, ultrasound or contrast 
radiography ( 8%); aged 20-79 years; 66% of eligible 
cases. Controls randomly selected from electoral roll; 
65% participation rate 

Benhamou et al 
(1993) 

France 

1987-91 

. Men: 138 cases and 

235 controls; women: 
58 cases and 112 
controls 

Hospital-hased study. Interviews. Cases confirmed 
histologically; 100% of eligible cases. Controls with 
malignant diseases (161) and non-malignam diseases 
(186), Individually matched by age (+ 5 years), sex, 
hospital and interviewer; lobaecn-relared diseases, 
liver cirrhosis and diabetes excluded; 99% 
participation rate 

Kreigerrtu/, (1993) 
Canada 

1986-87 

Men: 312 eases and 

664 controls; women: 
201 cases and 705 
controls 

Population-based study using a questionnaire. Incident 
cases confirmed histologically; aged 25-69 years; 

81% of eligible cases. Controls randomly selected 
from general population matched (1:1) for men and 
(1:2) for women by age, sex and area of residence; 

72% participation rate 

McLaughlin et al. 
(1995a) 

Australia, Denmark, 
Germany, Sweden 
and USA 

1989-92 

Men: 1050 cases and 
1429 controls; 
women: 682 cases and 
880 controls 

Population-based study using interviews. Cases 
ascertained from cancer registries, confirmed by 
histology or cytology; aged 20-79 years', 72% of 
eligible cases. Controls selected from different 
population rosters, matched byage(5-jeargroups) 
and study area; 75% of eligible controls 

Schlehoferefa/ 

(1995) 

Germany 

1989-91 

Men: 185 cases, 
women: 92 cases; 286 
matched controls 

Population-based study using interviews. Cases 
confirmed histologically, 70% aged >55 years; 85% 
participation rate. Controls randomly selected from 
population register, matched for age (+1 year) and 
sex; 75% participation rale 

Yuan etal. (1998) 
USA 

1986-94 

Men: 781 cases and 

781 controls; women: 
423 cases and 423 
controls 

Population based study using interviews. Cases 
ascertained through Cancer Registry, confirmed 
histologically, non-Asian, aged 25-74 years; 70% of 
eligible cases. Controls selected from residence area 
of cases at the time of diagnosis; individually matched 
on age (± 5 years), sex, race and neighbourhood; 70% 
were first chosen controls. 
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Table 2.1.3*2. Cohort studies on tobacco smoking and kidney cancer; intensity of smoking 


Referen ce 

Country and 
years of study 

No. of subjects 
(M, F) 

No. of events 

Smoking categories 

Relative risk 
(95% Cl) 

McLaughlin et al. 

US Veterans’ 

719 deaths 

Ever-smoker 

1.3 (1.1-1.6) 

(1990) 

Study 


Former smoker 

1.1 (0.9-1.4) 

USA 

248 046 men 


Current smoker 

1.5 (1.2—1.8) 

1954-80 



Cigarettes/day 





1-9 

1.3 (0.9-1.8) 




10-20 

1.4(1,1-1.7) 




21-39 

1.6 (1.2-2.1) 




>40 

2.1 (1.3-3.3) 

Kuller et al. 

MRFJT Study 

219 deaths 


Mortality rate 

(1991) 

12 866 men 


Nonsmoker 

4.8 (113) 

USA 



Current smoker 

1.9* 

1975-85 



Cigarettes/day 





1-15 

4.1 (11) 




16-25 

7.0 (30) 




26-35 

12.9 (34) 




36—45 

10.6 (23) 




> 45 

10.1 (8) 

Doll et al. (1994) 

British Doctors* 

11 3 deaths 


Mortality rate 

UK 

Study 


Nonsmoker 

9 

1951-91 

34 439 men 


Former smoker 

1 1 




Current smoker 

13 




Cigarettes/day 





1-14 

13 




15-24 

14 




22 5 

12 


Comments 


Adjusted for age at follow¬ 
up, calendar Time and year 
of response lo questionnaire 


p for trend < 0.001 

Annual mortality 
rate/10 000 men. Numbers 
in parentheses represent 
number of subjects. 

*RR adjusted for age, blood 
pressure, cholesterol and 
ethnicity 


Annual mortality rate/ 
10 000 men 


X 2 for trend 0.8 (p > 0.05) 




Table 2*1.3.2 (contd) 


Reference 

Country and 
years of study 

No. of subjects 
(M, F) 

No. of events 

Smoking categories 

Relative risk 
(95% Cl) 


Comments 

McLaughlin et al. 
(1995b) 

USA 

1954-80 

US Veterans’ 
Study 

177 903 men 

511 deaths 

Ever-smoker 

Former smoker 
Current smoker 
Cigaret tes/day 

1-9 

10-20 

21-39 
> 40 

1.4 (1.1-1.6) 

1.1 (0.9-1.4) 

1.5 (1.2-1.9) 

1.3 (0.9—2.0) 

1.4 (1.1-1.8) 
1.6(13-2.2) 

2.2 (1.4-3.5) 


Adjusted for age attained 
and calendar year time 
period (5-year groups) 

p for trend < 0.01 

Engeland et al. 
(1996) 

Norway 

1966-93 

Norwegian 

Cohort Study 

11 863 men, 

14 269 women 

147 cases 
(87 men, 

60 women) 

Former smoker 
Current smoker 
Cigarettes/day 

0-4 

5-9 
> 10 

Men 

1.3 (0.8-2.4) 

0.9 (0.4-2.1) 
1.8 (0.9-3.6) 
1.3 <0.7-2.5) 

Women 

0.2 (0.0-1.7) 

1.1 (0.6—2.0) 

Adjusted for age 

Heath et al. (1997) 
USA 

1982-89 

Cancer 

Prevention 

Study 11 

434 339 men, 

564 565 women 

335 deaths 
(212 men, 

123 women) 

Current smoker 
Former smoker 

Men 

1.7 (1.2-2.6) 
1.7 (1.1-2.4) 

Women 

1.4 (0.9-2.3) 
1.2 (0.7-1.9) 

Adjusted for age 


o 

td 

> 

o 

rt 

o 


o 
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TabJe 2.1.3.2 {contd) 





£ 


Reference No. pf subjecis 

Country and (M, F) 

years of study 


No. of events Smoking categories Relative risk 

(95% CJ) 


Comments 


No rd hind et a/. 
(1991) 

Sweden 
1 963-89 


Swedish Census 94 cases 
Study 

26 032 women 


Chow et at; (2000> 

Sweden 

1971-92 


Swedish 
Construction 
Worker Cohort 
363 992 men 


759 cases 


Former smoker 
Current smoker 
Cigarettes/ciay 
1-7 
8-15 
> 16 

Age at Atari (years)* 
> 24 
20-23 
< 19 

Former smoker 
Current smoker 


1.9(0.8-4.7) 
1.1 ( 0 . 6 - 2 . 0 ) 


0.8 (0.3-1.9) 

I. 0 (0.4-2.9) 
3.1 (1.1-8.7) 

J. O 

2.6 (0.7-9.1) 

I .4 (0.3-6.1) 

1.3 (1.0-1.6) 

1.6 (1.3—1.9) 


Adjusted for age and place 
of residence 


* Relative risk adjusted for 
age, place of residence and 
crgarettes/day 
P for trend = 0.522 

Adjusted for age, body mass 
index and blood pressure 


O 

S 

§ 

o 

s 


Cl, confidence interval 



Table 2.1.3.3. Case-control studies on tobacco smoking and kidney cancer; intensity of smoking 


Reference 
Country and 
years of study 


Schwarti. et al. 
(1961) 

France 
started 1954 

Bennington & 
Laubscher (1968) 
USA 
1951-66 


Wynder et «/. 
( 1974 ) 

USA 
1965-73 


Armstrong et ctl. 
(1976) 

UK 

1972-74 


Sex 


Men 


Men and women 


Men and women 


Men and women 


Smoking categories 


Smoker 

Equivalent cigs/day 
Inhaler 

AM tobacco use 

> 10 cigs/day 

Men 
Women 
Men only 

> 10 cigs/day 
<10 cigs/day 

Former smoker 

Cigarettes only 
All tobacco 
Cigarettes/day 

1 “9 
10-20 

> 20 

Current smoker 
Men 
Women 


Relative risk Comments 

(95% Cl) 


Cases 

Controls 

* Values represent percentages. 

78* 

83* 

Matched analysis; all p > 0.05 

15.0 

15.0 


44* 

46* 


5.4 


* Values represent percentages. 

5-1 


No statistical analysis performed 

Cases 

Controls 

on data for women 

93 1 

75* 

p < 0.0005 

66* 

50* 


68* 

54* 

p < 0.0005 

3.4* 

4.7* 


1.1* 

6.5 t 

p < 0.05 

Men 

Women 


2.0 

1.5 

p < 0.005 

1.7 



1.5 

1.1 


1.9 

1.5 


2.2 

1.2 


1 .1 (0.5-2.2) 



1.0 (0.3-3.4) 





3006392162 
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Table 2.1.3.3 (contd) 


Reference 
Country and 
years of study 


McLaughlin et al. 
(1984) 

USA 
J974-79 


Smoking categories 


Men and women 


Relative risk 
(95% Cl) 


Ever-smoker 

16(1.1-2.4) 


Pack—years 

0-25-5 

J.2 (0.8-2.0) 


> 25,5—50 

1.3 (O.S-2,1) 


=* 50 

2.3 <1.4-3 .8) 


Women 

Ever-smoker 

i .9 (1.3-3.1) 


Pack—years 

0-12 

1.8 (1.0-3.9) 


>12-33 

1.9(1.0-3.5) 


> 33 

2.1 (1.1-4.6) 


Men 

Cigarettes only 

1.7 (1.1-2.6) 


Cigarettes and 

2.2 (|.1-4.3) 


Cigars 

Cigarettes and pipes 

1.2 (0.7-2.1 ) 


Cigarettes, ctgars 

1.3 (0.6-3.0) 


and pipes 

Years since quitting 

Men 

Women 

> 10 

f.I 

J.6 

< 10 

1.7 

1-7 

Current 

1.8 

2:0 


Comments 


Odds ratio adjusted Tor age and 
type of interview <with subject or 
next of kin) 

Relative risk increased with 
intensity (cigarettes/day) and 
duration (years smoked) [data not 
shown };p for trend < 0.01 


p for trend <0.01 


> 

TO 

O 


2 

o 



oo 



Table 2.13.3 (contd) 

Reference 

Sex 

Smoking categories 

Relative risk 


Comments 

Country and 



(95% Cl) 



years of study 






La Vecchia et csl. 

Men and women 

Oiga re ties/das' 

Univariate 

Multivariate 

Univariate analysis adjusted for 

(1990) 


c 15 

1.3 (0.6-2.6) 

1.1 (0.5—2.5) 

age and sex; multivariate analysis 

Italy 


15-24 

2.0 (1.1-3.8) 

1.9 (1.0-3.6) 

adjusted for area of residence. 

1985-89 


> 25 

2.1 (1.0-4.6) 

2.3 (1.0-5.3) 

education and body-mass index 



p for trend 

0.02 

0.02 




Duration (years) 






< 30 

2.0 (1.1-3.6) 

t .7 (0.9-3.0) 




> 30 

2.2 (1.2-3.9) 

1.8 (1 .0-3-2) 




p for trend 

o.ot 

0.04 




Age at starting 






smoking (years) 






> 20 

].8 (1.0-3.2) 

1.7 (1.0-3.0) 




5 20 

2.5 (1.3-4.6) 

2.0 (1.1-3.7) 




Years since quitting 






;> io 

1.3 (0.6-3.0) 

1.3 (0.6- 2.7) 




< 10 

2.6 (1.1-5.7) 

2.2 (1.1-4.4) 




Former smoker 


1.7 (1.0-3.1) 


Talamini et al. 

Men and women 

Former smoker 

1.4 (0.8-2.2) 


Adjusted by age, sex, education. 

(1990) 


Current cigarettes/day 



body-mass index and residence 

Italy 


< 15 

1.1 (0.6-1 8) 


X 2 for trend =0.9 

1986 -89 


15 24 

1.3 (0.8-2.1) 





> 25 

1.2 (0.6-2.4) 
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Tabic 2.1.3.3 (contd) 


4- 

OC 


Reference 

Country and 
years of study 

Sex Smoking categories 

Relative risk 
(95% Cl) 


Comments 

McCredie & 

Men and women 

Former 

Current 

Adjusted for age. sex, body-mass 

Stewart (1992) 

All tobacco 

1.4 (1.03-2.0) 

2.2(1.6—3.0) 

index and method of interview 

Australia 

Cigarettes only 

1.3 (0.9-1.9) 

2.2 (1.5-3.1) 

Model 1 adjusted for duration. 

1989—90 

Men 

1 .5 (1.01-2.4) 

2.9 (l.S-A.8) 

cigarettes/day and years since 


Women 

I .3 (0.8-2.2) 

1.6 (1.00-2.6) 

cessation. 


Age at diagnosis 



Model 2 adjusted for age at start, 


^58 years 

13(0.8-2.4) 

2.3 (1.4-3.8) 

cigarettes/day and years since 


59-67 years 

1.7(0.96-3.0) 

2.0 (1.1-3.6) 

cessation 


> 68 years 

1.2 (Q.7-2.1) 

2.3 (l. 1—4.6) 



Ever-smoker 





Duration (years) 

Model 1 

Model 2 



1-19 

1 




20-34 

1.5 (0.9—2.4) 




> 35 

1.5 (0.8—3.0) 




p for trend 

0.25 




Age at starting 





smoking (years 





9-17 


1 



> 18 


1.1 (0.7-1.6) 



Cigarettes/day 





1-12 

I 

1 



13-20 

1.2 (0.7-1.8) 

1.2 (0.8-1.9) 



>21 

1.4 (0.9-2.3) 

1.5 (0.9—2.4) 



p for trend 

0.14 

0.12 



Years since quitting 





>25 

0.5 (0.2-1.0) 

0.4 (0.2—0.7) 



1 3-24 

0.9 (0.5-1.5) 

0.8 (0.5-1.4) 



1-12 

0.9 (0.5-1.4) 

0.9 (0.5-1.4) 



p for trend 

0.13 

0.003 



Table 2.1.3.3 (contd) 


Reference 

Country and 
years of study 

Sex Smoking categories 

Relative risk 
(95% Cl) 


Comments 

McCredie & 

Current smoker 




Stewart (1992) 

Filter status 




(contd) 

with 

2.3 (1.6-33) 




without 

2.8 (1.3-6.4) 




with and without 

1.8 (0.95-3.6) 




Inhalation 





yes 

23 (1.6-33) 




no 

1.7 (0.8—4.0) 




Pattern of inhalation 





deep 

1 




moderate 

0.8 (0.4-1.5) 




light 

0.6(03-1.4) 



Benhamou et al . 

Men and women 

Men 

Women 

Matched analysis 

(1993) 

Ever-smoker 

0.9 (0.6-1.5> 

0.7 (0.4-1.5> 


France 

Current smoker 

0.9 (0.4-1 S> 

0.8 (0.3-1.8) 


1987-91 

Cigarettes/day 



3 cases and 12 controls excluded; 


< 20 

0.9 (03-3.0) 


adjusted for education, Quetelet 


> 20 

1.2 (0.4-3.7) 


index and duration of smoking 


Duration (years) 



Adjusted for education, Quetelet 


<30 

0.7 (0.2—2.0) 


index and cigarettes/day 


> 30 

0.6 (0.2-1.8) 




Age at .starting 



Adjusted for education, Quetelet 


smoking (years) 



index, cigarettes/day and duration 


> 20 

0.7 (0.2—2.9) 


of smoking 


< 20 

0.9 (0.2-3.4) 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.3.3 (contd) 


Reference 
Country and 
years of study 


Smoking categories 


Relative risk 
(95% CI> 


Kreiger et al. 

Men and women 


Men 

Women 

(1993) 


Ever-srn°ker 

2 0(1.4-2.8) 

1.9 (1.3-2.6) 

Canada 


Current smoker 

2.3 (1.5-3.4) 

2.2 (1 .5 -3.2) 

1986-87 


< 20 years 





< 20 cigs/day 

i .6 (0.9-2.8) 

1.5 (0.8-2.9) 



> 20 cigs/day 

l .0 (0.5-1.8) 

1.8 (0.8—4.2) 



> 20 years 





< 20 cigs/day 

2-2 (1.4-3.5) 

1.7(1.1-2.7) 



> 20 cigs/day 

2.2 (1.5-3.3) 

2.2 (1.4-3.4) 



Years since quitting 





> 20 

1.3 (0.8-2.1) 

1.5 (0.7-3.1) 



10-19 

2.1 (1.3-3.4) 

1.9 (0.8—4.2) 



5-9 

1.8 (1.0-3:3) 

1.6 (0.7-3.7) 



1-^4 

2.1 (1.2--3.8) 

1.4 (0.6-2.9) 

McLaughlin et al. 

Men and women 

Ever-smoker 

1.3(1.1-1.5) 


(1995a) 


Current smoker 

1.4 (1.2-1.7) 


Australia, 


Former smoker 

1.2 (|.0_|. 4 ) 


Denmark, 


Cigarettes/day 

Ever-smoker 

Current smoker 

Germany, Sweden 


1—10 

1.1 (0.9-1.3) 

1.1 (0.9—1.5) 

and USA 


11-20 

1.3 <1.1-1.6) 

1.3 (J. 1-1.6) 

1989-92 


> 20 

1.5 (1.2-1.9) 

2.1 (1.6-2.8) 



p for trend 

< 0.001 

<0.001 


Pack—years 
Ever-smoker 
£ 9 

9.1-20.1 

20.2-36.9 

>37 


1.1 (0.9—f.3) 
1.1 <0.9-1.4) 
1 3 (1.0-1.6) 
1.7 (1.4-2.1) 


Adj listed by age and body-mass 

index 


Adjusted for age, sex, body-mass 
index atld study centre 


p for trend <0.001 


Table 2.1.3.3 (contd) 

Reference Sex 

Country and 
years of study 

McLaughlin at at. 

(1 995a) (contd) 


Schlehofer ei al . 
(1995) 

Germany 

1989-91 


Men and women 


Smoking categories 


Current smoker 


Relative risk 
(95% Cl) 


< 16 

1.1 (0.8-1.5) 


16—< 28 

1.1 (0.8-1.5) 


28-42.2 

1.4(1.1-1.9) 


> 42.2 

2.0 0.6-2.7) 


Years since quitting 

> 25 

0.S5 (0.6-1.1) 


16-25 

0.75 (0.6-1.0) 


6-15 

0.84 (0.7-1.1) 


<5 

0.90 (0.7-1.2) 


Current 

1.0 (reference) 


Age at Starting 
smoking (years) 

> 24 

0.67 (0.3-1.3) 


21-24 

0.76 (0.4-1.5) 


17-20 

0.77 (0.4-1.4) 


13-16 

0.83 (0.4—1.6) 


< 12 

1.0 


Pack—years 

Current smoker 

Former smoker 

Men 

1.4 <0.8-2.5) 

1.1 (0.6-1.9) 

<20 

1.4 (0.7 3.0) 

0.9 (0.5-1.8) 

20—< 40 

l.t (0.5-2.1) 

1 .0 (0.4-2.2) 

>40 

2.2 (0.99—4.7) 

2.3 (0.9-6.2) 

Women 

0.8 (0.4-1.8) 

1.0 (0.4—1.4) 

< 10 

0.5 <0.1-1.9) 

0.9 (0.3-2-3) 

] 0—< 20 

0.3 (0.1-1.2) 

0.7 (0.1—4.7) 

> 20 

2.2 (0.7—6.8) 

3.0 (0.3—30.2) 


p for trend < 0.001 
p for trend - 0.09 


p for trend = 0.20 
Adjusted for age 
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2,1.4 Upper aerodigestive trad 

Evidence relating to cancers of the upper aerodigestive tract obtained from relevant 
cohort and case-control studies on specific sites is described in Sections 2.1,4.a to 2.1.4.f, 
whereas studies that looked at several subsites combined are described in Section 2.1,4.g. 

Most of the cohorts in which these studies were conducted have been described in the 
introduction to Section 2 and Table 2.1. In addition, in 1975, Tomita et al. (1991) esta¬ 
blished a cohort of 38 621 men, aged 20-55 years, who worked for the East Japan Railway 
Company. The response rate was 98% and after exclusions and loss to follow-up, 37 645 
men were included in the analysis. The health status of the subjects was followed until 
1985 using records of medical examinations, mutual-aid pensions and notices of deaths. 

The major confounders for the relationship between smoking and several cancers of 
the upper aerodigestive tract are alcohol consumption and use of any form of smokeless 
tobacco. In general, the studies examined in the Working Group had adjusted for these two 
confounders when appropriate. 

Some studies also adjusted for dietary intake, especially of fruits and vegetables, 
although few reported stratified relative risks. 

(a) Oral cancer 

Tobacco smoking was shown to be causally related to oral cancer by the previous IARC 
Monograph on tobacco smoking (IARC, 1986) and even earlier by other agencies. Since 
1986, many more studies have been reported on the relationship between oral cancer and 
cigarette smoking. New studies include three cohort studies (Table 2.1.4.1), 16 case-control 
studies (Tables 2.1.4.2-2.1.4.5), and two case-series reports (Table 2.1.4.6). 

(i) Intensity and duration of smoking 

Intensity of smoking was measured in almost all cohort and case-control studies 
(Tables 2.1.4.1 and 2.1.4.3, respectively). In addition to the number of cigarettes or amount 
of tobacco smoked daily, cumulative exposure to cigarette smoke was also measured in 
terms of pack-years, tobacco-years or lifetime tobacco consumption. The link between 
duration of cigarette consumption and oral cancer was examined in eight case-control 
studies, five case-control studies also considered age at starting smoking. 

McLaughlin et al. {1995) in the US Veterans’ Study div ided the number of cigarettes 
smoked per day into four categories and reported a positive, statistically significant trend. 

Eleven case-control studies also reported a dose-dependent increase in risk with 
increasing number of cigarettes smoked daily or increasing daily tobacco consumption 
(Franceschi et a!., 1990; Nandakumar er al, 1990; Zheng et at., 1990; Choi & Kahyo, 
1991; Oreggia dal., 1991; franceschi etal., 1992; Bundgaard elal., 1995; Zheng etal ., 
1997; De Stefani et al, 1998; Franceschi et al, 1999; Hayes et al, 1999). Whenever 
analysed, the trend was always statistically significant (Franceschi et al, 1990; Oreggia 
et al., 1991; Franceschi et al. ,1992; Bundgaard et al, 1995; Hayes et al ., 1999). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Several case-control studies have reported exposure to tobacco in other ways. 
Bundgaard et al. (1995) used lifetime tobacco consumption divided into four categories 
and reported a positive, significant trend after adjustment for life-time consumption of 
alcohol and other risk factors. A positive trend was also found in al! studies that have 
analysed consumption in pack-years or tobacco—years (Zheng et a!., 1990; Maier et al., 
1992a; Macfarlane et al., 1995; Hung et al., 1997; Zheng et al, 1997; De Stefani et al., 
1998). 

Eight studies (Franceschi et a!., 1990; Nandakumar et al, 1990; Zheng et al., 1990; 
Choi & Kahyo, 1991; Oreggia ef al, 1991; Franceschi et al, 1992; Zheng et al., 1997; De 
Stefani et al, 1998) classified the duration of smoking in up to four categories, and all but 
one study (Nandakumar et al, 1990) reported increased relative risks and a positive trend. 

Two out of five stud ies (Choi & Kahyo, 1991; Oreggia et al., 1991; Franceschi et al ., 

1990,1992; Zheng et al., 1997) reported a statistically significant trend of increasing risk 
with decreasing age at starting smoking (Franceschi et al., 1990,1992). 

(ii) Cessation of smoking 

One cohort study (McLaughlin et al, 1995; Table 2.1.4.1) and eight case-control 
studies (Zheng eta!., 1990; Choi & Kahyo, 1991; Oreggia et al., 1991; Franceschi et a!., 
1992; Ko et al., 1995; Zheng et a!., 1997; De Stefani et al, 1998; Schildl et a!., 1998; 
Table 2.1.4.3) provided point estimates for former smokers, Relative risks among former 
smokers were always lower than those for current smokets and in half of these studies 
almost reached unity (Zheng eta!., 1990; Choi & Kahyo, 1991; Zheng et al., 1997; Schiidt 
et al., 1998). Seven case-control studies examined the relative risk by years since quitting 
and all reported a negative trend (Table 2.1.4.4). The risk for oral cancer declines rather 
rapidly following cessation of smoking, with relative risks compared with those in non- 
smokers decreasing to near unity after 10 or more years (Franceschi et al, 1990, 1992; 
De Stefani et al, 1998), When calculated, the trend was always statistically significant 
(Franceschi et al, 1990; Oreggia et al., 1991; Franceschi et al, 1992). 

(iii) Type of cigarette 

The effect of the type of cigarette smoked was examined in several case-control 
studies. The characteristics of the cigarettes included the presence of a filter, the type of 
tobacco, the tar content and whether the product was manufactured or hand-rolled 
(Table 2.1.4.5). Two studies reported a statistically significantly higher relative risk for 
black than for blond tobacco (Oreggia etal, 1991; De Stefani et al, 1998). Similarly, a 
much higher relative risk was found for hand-rolled cigarettes than for manufactured ciga¬ 
rettes, and plain cigarettes had a much higher relative risk than filter-tipped cigarettes (De 
Stefani et al, 1998). The differences between black and blond tobacco and between hand- 
rolled and manufactured cigarettes persisted after stratification by duration of smoking 
(De Stefani et al., 1998). Also smoking cigarettes with a high-tar content led to higher 
relative risks than smoking cigarettes with a low-tar content (Franceschi et al, 1992). 


(iv) Sex 

Sex-specific effects were examined in two case-control studies (Zheng et a!., 1990, 
Hayes et al., 1999; Table 2.1.4.3). In both studies, the relative risks for all categories of 
intensity, duration of smoking and pack-years were higher for women than for men. 

(v) Case-series reports 

Case-series reports are the only data available from Jordan and Myanmar; the results 
are given in Table 2.1.4.6. These data are of limited value in assessing causality, but have 
been included for the sake of completeness. 

(b) Sinonasal cancer 

The Life Span Study in Japan (Akiba, 1994) examined the association of tobacco use 
with sinonasal cancer (see introduction to Section 2 for cohort description). A total of 26 
cases of sinonasal cancer were identified among 61 505 adults during follow-up. Relative 
risks, adjusted for sex, location, population group, atomic bomb exposure, year of birth 
and attained age, increased to 2.9 (95% Cl, 0.5-) and 4.0 (95% Cl, 1.2-) for former and 
cuirent smokers, respectively, when compared with nonsmokers [upper confidence limits 
could not be obtained], 

A total of nine case-control studies were examined: the study designs and results a re 
presented in Tables 2.1,4.7 and 2.1.4.8, respectively. When histological types were com¬ 
bined, all studies found an increased relative risk associated with cigarette smoking, but 
only one was statistically significant (Caplan et al, 2000). 

Seven studies analysed the dose-response in terms of intensity of smoking (ciga- 
rettes/day), duration of smoking or pack-years. A positive significant trend was found in 
five studies (Brintun et al, 1984; Hayes et al, 1987; Ftikuda & Shibata, 1990; Zheng 
et al, 1993; Caplan et al., 2000) and was suggested in the other two (Strader etal, 1988; 
Zheng etal., 1992a). 

One study (Zheng et al, 1993) examined the residual risk after cessation of smoking 
and found a significant decrease in risk for sinonasal cancer associated with increasing 
number of years since cessation. In a previous study, the same authors had found a nega¬ 
tive, non-significant association (Zheng etal., 1992a). 

Five studies analysed squamous-cell carcinomas and adenocarcinomas separately 
(Brinton et al., 1984; Hayes et al, 1987; Strader et al, 1988; Zheng et al, 1992b; 
't Mannetje et al, 1999). In all studies, there was clearly a significantly increased relative 
risk tor squamous-cell carcinomas, whereas the relative risk was generally not increased 
for adenocarcinomas. 

The evidence of an association between tobacco smoking and sinonasal cancer is 
based on the results from case-control studies, each of which may be subject to different 
sources of bias. However, several arguments support the existence of a causal association. 
These are; presence of a dose-response relationship in most studies; the decrease in rela¬ 
tive risk associated with time since quitting; the consistently higher relative risks for 
squamous-cell carcinoma than for adenocarcinoma; and the lack of potential confounders. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(c) Nasopharyngeal carcinoma 

(i) Cohort studies 

The risk for nasopharyngeal carcinoma was examined in relation to tobacco use 
two cohort studies (Table 2.1,4.9). One study, conducted in a low-risk area (Chow et# 
1993), reported a significant increase in risk among smokers and suggested positive 
dose-response relationships by duration of smoking and age at starting smoking. Tfo 
other study, conducted in China, Province of Taiwan, an area in which nasophary^^ 
cancer area is endemic, reported a similarly increased risk, but it was not statistically 
significant (Liaw & Chen, 1998). 

(ii) Case-control studies 

The study designs and the results of the case-control studies on the association of 
nasopharyngeal carcinoma with cigarette smoking are given in Tables 2.1.4.10 am] 
2.1.4.11, respectively. 

The results of nine informative case-control studies were available (Lin et al., 1973; 
Yu et al., 1990; Nam et al., 1992; West et al., 1993; Ye et al., 1995; Zhu et al., 1995; 


In the two studies that distinguished between different histological types, relative 
risfcs were f° r keratinized (squamous-cell) carcinoma than for unkeratinized carci¬ 
noma (Zhu et al., 1995; Vaughan el al., 1996). 

In the three studies in which men and women were analysed separately, the relative 
nsks were found to increase similarly in both sexes (Lin et al, 1973- Nam et al 
yuan et al., 2000). ’ ’ 

Although the interpretation ot the results is complicated by small sample sizes the 
tferent criteria used for the selection of controls and the problem of control groups with 
snwking-related diseases, the combined evidence shows an association between tobacco 
smoking and nasopharyngeal carcinoma in both endemic and non-endemic areas Infec- 
,i° n with E P stein -Ban vims (human herpesvirus 4), a major cause of nasopharyngeal 
carcinoma worldwide (IARC, 1997), has not been controlled for in any of the available 
studies. However, it is unlikely that confounding by infection with Epstcin-Barr virus 
would explain the observed association between tobacco smoking and nsk for naso- 
pfiaiyngeal carcinoma. On the other hand, most studies have adjusted for other known and 
suspected causes of nasopharyngeal carcinoma including intake of Chinese-style salted 


Vaughan et al., 1996; Cau el al ., 2000; Yuan et al., 2000). In ail these studies, the risk fe Jsh ’ othcr dietar y factors, alcohol drinking and family history of nasopharyngeal caret- 

nasopharyngeal carcinoma was higher in smokers than in nonsmokets. DOma ’ sagging only a limited confounding effect of these factors. 

In the three studies conducted in the USA, where the incidence rate for nasopharyngeal n 


noma, suggesting only a limited confounding effect of these factors. 

carcinoma is low' (Nam el al., 1992, Zhu el al., 1995; Vaughan et al., 1996), the relative ^ of the pharynx 

risks for current smokers ranged between 2 and 4. In a siudy conducted in Shanghai, an Tobacco smoking was considered to be an important cause of oropharyngeal and 

area of China in which nasopharyngeal carcinoma is not endemic (Yuan et al., 2000), the fiypopharyngeal cancers in the previous IARC Monograph on tobacco smoking (IARC 


relative risk wasjust below 2. One study from the Philippines reported a sevenfold increa.se 1986). Since then more epidemiological studies have yielded results that lend further 
in risk after more than 30 years of smoking (Westef al, 1993). The four studies (Line! a/, support tor the association. Many studies, however, combine cancers of the oral cavity 
1973; Yu et al, 1990; Ye el al., 1995; Cao el al, 2000 [small sample size]) conducted in and of the pharynx (see Section 2.1,4.g). This section summarizes the evidence from three 
areas of China in which nasopharyngeal carcinoma is endemic (Taiwan, Guangzhou and cohort studies (Table 2.1.4.12) and 12 case-control studies (Tables 2.1.4.13 and 2.1,4.14) 
Sihui) found relalive risks for ever smoking ranging between 2 and 5. that reported results specifically on oropharyngeal and hypopharyngeal cancer, or on 

A statistically significant dose-response relationship was detected in six studies that pharyngeal cancer in general; the latter may include data on nasopharyngeal cancer 
reported the effects of daily or cumulative exposure to tobacco smoke (Yu et al, 1990; The risk for pharyngeal cancer was significantly increased in smokers in one cohort 
Nam et al, 1992; Zhu el al, 1995; Vaughan et al, 1996; Cao et al. , 2000; Yuan et al study (McLaughlin e/zr/., 1995; Table 2.1.4.12) and all but one of the case-control studies 
2000) and suggested in two others (Lin etal, 1973; West et al, 1993). Two studies inves- (Rao etal, 1999; Table 2.1.4.14). The trend of increasing risk associated with increasing 
tigated the effect of quitting smoking and found that the risk of nasopharyngeal carcinoma daily or cumulative consumption of cigarettes was evident from all these studies, particu- 
decreased with increasing time since quitting (Nam et al., 1992; Vaughan et al., 1996). those from Europe (Brugere et al, 1986; Tuyns et al, 1988; Franceschi etal 1990; 

In the remaining studies, five from areas in which nasopharyngeal carcinoma is Mater et al., 1994; Franceschi et al, 1999), Uruguay (De Stcfani et al., 1998) and the 
endemic (Ng, 1986; Yu et al, 1986; Sriamporn el at., 1992; Zheng et al, 1994 [small | USA (McLaughlin et a!., 1995), and less strongly so in studies from Canada (Elwood 
sample size]; Cheng et al, 1999) and five from areas in which it was not endemic | er a/. , 1984) and the Republic of Korea (Choi & Kahyo, 1991), 

(Henderson et al, 1976; Lanier et al, 1980; Mabuchi et al. , 1985; Ning et al, 1990; | Two cas^ontrol studies showed that the risk increased with decreasing age at 
Armstrong et al. , 2000), the relative risks for nasopharyngeal carcinoma for ever smoking ■ starting smoking (Table 2.1.4.14; Franceschi er a/., ] 990; Choi & Kahyo, 1991), but dura- 
were not significantly increased (Lanier et al., 1980; Mabuchi et al, 1985; Cheng et a/,'bon and intensity of smoking were not adjusted for. 

1999; Armstrong et al. , 2000) or were similar to those of nonsmokers (Henderson et al. The influence of cessation of smoking is also evident in all studies where this aspect 
1976; Ng, 1986; Yu et a!., 1986; Ning etal, 1990; Sriamporn etal. , 1997; Zheng etalM s been investigated. Former smokers had consistently lower relative risks than did 
1994). : climnt smokers in both cohort (McLaughlin d al, 1995) and case-control studies (Choi 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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& Kahyo, 1991; Dc Stefani et al, 1998). In comparison with nonsmokers, the relative 
risks for former smokers who had quit smoking for more than 10 years were between 2 
and4 (Franceschi etal, 1990; De Stefani era/, 1998; La Vecchiaeta/, 1999a), whereas 
the relative risks for current smokers in these studies were 10-14. In one study in Brazil 
(Sch[edit et al, 1999), relative risks for former smokers who had stopped smoking for 
more than 10 years approached 1, whereas that for current smokers was just below 6. 

Consumption of black tobacco, hand-rolled cigarettes or plain cigarettes (Table 
2.1.4.14) resulted in a higher risk for pharyngeal cancer than consumption of blond 
tobacco, manufactured cigarettes or filter-tipped cigarettes (Dc Stefani et al., 1998). 

(e) Cancer of the oesophagus 

Early studies on the association of tobacco smoking and oesophageal cancer usually 
examined the risk for cancer of the oesophagus without further specification; sometimes 
studies reported on cancer of the oesophagus and gastric cardia combined, or specifically 
on squamous-cell carcinoma of the oesophagus, which was at that time the predominant 
histological type of oesophageal cancer. Consequently, the results of the early investi¬ 
gations are mainly applicable to squamous-cell carcinoma of the oesophagus. In the 
previous IARC Monograph on tobacco smoking (IARC, 1986), oesophageal cancer was 
considered to be causally related to cigarette smoking. Many more epidemiological 
studies have since been conducted, and results of these studies further support this 
conclusion. 

(i) Squamous-cel! carcinoma and unspecified cancer of the 
oesophagus 

The 19 cohort and 35 case-control studies summarized in this section are described 
in Tables 2.1.4.15 and 2.1.4.16-2.1.4.19, respectively. All but two cohort studies (Doll 
eta/, 1980, Liaw & Chen, 1998), and all case-control studies, conducted in China, 
Iceland, Japan, Sweden, the United Kingdom and the USA (Table2.1.4.17), showed that 
the risk for oesophageal cancer was associated with cigarette smoking. In one study (Li 
etai., 1989), the elevated risk was observed only in an area with a relatively low incidence 
rate of oesophageal cancer. However, two later studies in the same area, Lin County, 
China, found a twofold increase in risk for oesophageal cancer among smokers (Gao 
et al, 1994; Ln et al., 2000). 

In most positive cohort studies and in most case-control studies with relatively large 
sample sizes, the risk for oesophageal cancer was shown to increase with increasing 
duration of smoking (one cohort and 12 case-control studies) or number of cigarettes 
smoked daily (II cohort and 21 case-control studies), and to decrease with increasing age 
at starting smoking (six case-control studies; Tables 2.1.4.15 and 2.1.4.17). In comparison 
with pharyngeal and laryngeal cancers, relative risks for oesophageal cancer estimated by 
duration and by intensity of smoking were somewhat lower (see Sections 2,1.4.d and 
2.l.4.f, respectively). 


One cohort (Guo et al, 1994; Table 2.1.4.15) and 10 case-control studies (Table 
■? 14.18) investigated the effect of cessation of smoking on risk for oesophageal cancer. 
Although not all studies analysed the trend, all found a decreasing risk with increasing 
number of years since quitting. In some studies, the risk first started to decrease atler 10 
years of cessation (Brown et al., 1988; Rolon et a!., 1995; Gammon et al., 199/, 
Castelisague et al, 1999). 

Consumption of black tobacco (Table 2.1.4.19) resulted in a higher risk for oeso¬ 
phageal cancer than did consumption of blond tobacco (De Stefani et al., 1990; Rolon 
etal, 1995; Castelisague el al, 1999). Similarly, smoking untipped cigarettes generally 
resulted in a higher risk for oesophageal cancer than smoking filter-tipped cigarettes 
(Vaughan etai, 1995; Gammon et al., 1997; Castelisague et al., 1999). 

One study from the USA reported relative risks separately for blacks and whites 
(Bruwn et al, 1994a). Relative risks adjusted for alcohol consumption, age and income 
were very similar for former and current smokers and for the number of cigarettes smoked 
per day and duration of smoking (Table 2.1.4.17). 

(ii) Adenocarcinoma of the oesophagus 

During recent decades incidence rates for adenocarcinoma of the oesophagus and 
gastric cardia have increased steadily in the USA. whereas tire incidence rate l'or 
squamous-cell carcinoma of the oesophagus has remained relatively stable (Blot et al, 
1991). An increase in the incidence of adenocarcinoma of the distal oesophagus and 
cardia has also been noted in the United Kingdom (Powell & McConkey, 1990). Since 
1990, a number of studies have focused on the risk factors for adenocarcinoma of the 
oesophagus. 

Confounding 

The study designs and results of 10 case-control studies on the association of ciga¬ 
rette smoking and adenocarcinoma of the oesophagus are presented in Tables 2.1.4.20 and 
2.1.4.21, respectively. 

With the exception of two studies (Levi et al, 1990; Wu et al, 2001), all studies 
adjusted for alcohol intake as a potential confounder. Most of these studies were 
conducted in the USA (Rabat et al, 1993; Brown et al, 1994b; Vaughan et al. 1995; 
Zhang etai., 1996; Gammon el al, 1997) or in the Netherlands (Menke-Pluymers et al, 
1993), where chewing of betel quid with tobacco or use of other forms of smokeless 
tobacco are probably not strong confounders. One study conducted in Sweden was 
adjusted for snuff use (Lagergrcn et al, 2000). 

Intensity and duration of smoking 

Six studies, three that included only cases of adenocarcinoma of the oesophagus 
(Menke-Pluymers et al, 1993; Gammon et a!., 1997; Wu et al, 2001) and three that 
included cases of adenocarcinoma of the oesophagus, gastro-ocsophageal junction and 
gastric cardia combined (Rabat cl al., 1993; Brown et al., 1994b; Vaughan et al, 1995), 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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showed a significant positive association of adenocarcinoma ct the oesophagus with ciga. 
rette smoking; the relative risks were somewhat lower than those for squamous cell carci- 
noma of the oesophagus. Three studies, one in China (Gao et al, 1994), one in Sweden 
(Lagergren et al 2000) and one in the USA (Zhang et al„ 1996), reported similarly 
elevated relative risks, but these risks were not statistically significant; in some studies 
this was probably because of the relatively small number of cases involved. 

Of those studies that reported risks adjusted for alcohol consumption, a positive, 
significant dose-response relationship (Table 2.1.4.21) was found with intensity of 
smoking (Kabat et al., 1993; Brown et al., 1994b; Gammon et al., 1997), duration of 
smoking (Gammon et al., 1997) and/or pack-years ( Vaughan et a!., 1995; Zhang et al., 
1996; Gammon et al., 1997). 

Cessation of smoking 

Six studies provided point estimates for former smokers (Table 2.1.4.21). In five 
studies, relative risks were lower in former smokers than in current smokers, although 
they remained elevated (Kabat et al., 1993; Gao et al., 1994; Vaughan et al, 1995; 
Gammon et al, 1997; Wu et al, 2001), and were increased in the sixth study (Lagergren 
et al, 2000). The decrease in relative risk associated with years since cessation was weak, 
but a significant trend was found in two oul of four studies (Gammon et al, 1997; Wu 
etal, 2001). 

Sex 

Kabat et al. (1993) examined risks for men and women separately and observed 
similar patterns in both sexes, although risks among current smokers and heavy smokers 
were somewhat higher for women than for men. 

Overall, several well-conducted case-control studies, many from the USA, reported a 
statistically significantly higher risk for adenocarcinoma of the oesophagus in smokers 
than in nonsmokers. Positive dose-response relationships obtained using various 
indicators of amount smoked support a causal association, which is further corroborated 
by the findings of decreasing risks alter smoking cessation. Several of these studies 
reported relative risks adjusted for alcohol consumption and other potential confoundere. 
Further risk factors, such as chewing betel quid with tobacco or use ot other forms of 
smokeless tobacco, have not been considered, but are not likely to be strong confounders. 
Studies from China and Europe also found increased risks for smokers. 

(/) Cancer of the larynx 

In the previous IARC Monograph on tobacco smoking (IARC, 1986), laryngeal 
cancer was one of the cancers strongly associated with cigarette smoking. Since then, 
more epidemiological evidence has become available to strengthen the conclusion. 


(i) Potential confounders 

Other causes of laryngeal cancer include alcohol consumption, some occupational 
(Xposures (e.g. sulfuric acid; IARC, 1992) and possibly some dietary habits. In investi¬ 
ng associations between smoking and laryngeal cancer, potential confounding by 
alcohol consumption is a concern. However, the risks associated with smoking are also 
modified by alcohol consumption (see Section 2.3). Consequently, the risk should be exa¬ 
mined within strata of alcohol consumption and the joint effects of smoking and alcohol 
should be evaluated. 

(ii) Intensity and duration of smoking 

In all the cohort studies and case-control studies analysed (Tables 2.1.4.22-2.1.4.24) 
that were carried out in Asia, Europe and North and South America, the risk for laryngeal 
cancer was consistently higher in smokers, and a positive significant trend was observed 
with increasing duration and intensity of smoking. 

in most case-control studies, the relative risks for laryngeal cancer were near to or 
greater than 10 for smokers who had smoked for longer than 40 years (Falk et al, 1989; 
Zheng et al ., 1992c) or had smoked more than 20 cigarettes per day (Tuyns etal, 1988; 
falk el al, 1989; Choi & Kahyo, 1991; Zatonski et al., 1991; Muscat & Wynder, 1992; 
Zheng et al, 1992c; Hedberg et al, 1994; Sokic et al, 1994). Cancer of the larynx in 
nonsmokers is so rare that several studies used light smokers as the reference category 
(Herity et al, 1982; Olsen et al, 1985; De Stefani et at., 1987; Zatonski el al., 1991; 
Lopez-Abente etal, 1992; Maier & Tisch, 1997). Consequently, relative risks were lower 
in these studies, although the increases were still statistically significant. 

Two case-control studies reported odds ratios for cancer of the larynx that increased 
with decreasing age of starting smoking (Franceschi etal, 1990; Zatonski eta!., 1991; 
Table 2.1.4.24). 

(iii) Cessation of smoking 

The risk for cancer of the larynx declines rather rapidly after cessation of smoking 
(Table 2.1.4.25). No detectable elevation compared with never-smokers was seen among 
subjects who had quit smoking for at (east 10 years (Franceschi et al., 1990; Ahrens et al, 
1991; Schlechtef al., 1999). 

(iv) Type of cigarette 

Some investigators considered the role of type of tobacco (Tabic 2.1.4.26) and 
reported a 2.5-fold higher risk in smokers of black tobacco than in smokers of blond 
tobacco (Tuyns et al, 1988; Lopez-Abente et ai, 1992; De Stefani et al, 1987). Smoking 
untipped cigarettes also led to a higher risk than smoking filter-tipped cigarettes (Wynder 
& Stellman, 1979; Tuyns et al, 1988; Falk et al, 1989). 

(v) Subsites 

Five studies investigated the risk for glottic and supraglottic cancer separately (Olsen 
et a!., 1985; Tuyns et al, 1988; Lopez-Abente et al., 1992; Maier et a!., 1992b; Muscat 
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&. Wynder, 1992). The cancer risk increased with increasing amount smoked per day and 
with cumulative exposure for both subsites (Table 2.1.4.24). In addition, the observed 
relative risks were up to 10 -fold higher for supraglottic cancer than for glottic cancer 
(Maierefo/., 1992b). 

(vi) Sex 

Few studies investigated sex-specific effects. One cohort study (Raitiola & Pukander 
1997) reported similar risks for both men and women (Table 2.1.4.22), whereas in two 
case-control studies (Zheng el al., 1992c; Tavani et al., 1994), the relative risks for 
women were up to 10 -fold higher than for the corresponding categories in men, perhaps 
because ot the small number of cases involved (Table 2.1.4.24). 

(g) Cancer of the upper aerodigestive tract 

Cancers of the upper aerodigestive tract traditionally comprise cancers of the ora! 
cavity, pharynx, larynx and oesophagus. In epidemiological studies, especially in cohort 
studies in which there are few cases at some sites, investigators often combine several 
cancer sites and term these ‘cancer of the upper aerodigestive tract’. This section sum¬ 
marizes the data from 16 cohort studies (Table 2.1.4.27), 26 case-control studies (Tables 
2.1.4.28-2.1.4.31) and one case-series report (Table 2.1.4,32). 

(i) Intensity and duration of smoking 

The results from the cohort studies are presented in Table 2.1.4.27. In all but two 
cohort studies, both from Japan (Kono el al., 1987; Akiba, 1994), the risk for cancer of 
the upper aerodigestive tract was strongly associated with cigarette smoking. Relative 
risks increased with increasing daily cigarette consumption (Hammond & Horn, 1958; 
Doll etal., 1980; Akiba & Hirayama, 1990; Kuller et al., 1991; Doll etai, 1994; Chyou 
etal., 1995; Engelande/a/., 1996; Murataeto/., 1996; Yuan et al., 1996; Kjaerheim etal, 
1998; Liaw & Chen, 1998), duration of smoking (Chyou et al., 1995) or pack-years (Liaw 
& Chen, 1998). 

Details of the case-control studies are presented in Table 2.1.4.28 and their results in 
Table 2.1.4.29. Intensity of smoking was measured in most of these studies. In addition 
to, or instead of, the number of cigarettes or grams of tobacco smoked per day, exposure 
to tobacco smoke was also measured in terms of pack-years, lifetime consumption or 
cumulative tar. The link between duration of smoking and cancer of the upper 
aerodigestive tract was examined in 10 case-control studies (Blot et al., 1988; Merletli 
etal, 1989; Barra etal., 1991; De Stefani etal, 1992; Franceschi etal, 1992; Day etal, 
1993; Mashberg et al, 1993; Kahat etal., 1994, Lewin et al, 1998; Bosetti et al, 2000). 
Six case-control studies also considered age at starting smoking (Blot et al., 1988; 
Merletti et at., 1989; Baria et al, 1991; Franceschi et al, 1992; Day et al , 1993; Lewin 
et al, 1998). 

All but one study (Rao et al., 1999) reported an increase in risk for cancer of the upper 
aerodigestive tract associated with cigarette smoking. A dear dose-response relationship 


was seen with increasing daily tobacco consumption and duration of smoking as well as 
with decreasing age at starting smoking in most of the studies examined. 

(ii) Cessation of smoking 

Eight cohort studies (Doll eta!., 1980; Tomita etal, 1991; Akiba, 1994; Doll et al, 
1994 ; Chyou et al, 1995; Engeland etal, 1996; Nordlund et al, 1997; Kjaerheim et al, 
1998 ) provided point estimates for former smokers (Table 2.1,4.27). The relative risks for 
former smokers were always lower than those for current smokers. 

Nine case-control studies examined the relative risk by years since quitting and 
generally reported a negative trend, which was statistically significant whenever analysed 
(Table 2.1.4.30). 

(iii) Type of cigarette 

The type of cigarette was examined in several case-control studies: characteristics 
studied included the use of a filter, the type of tobacco, the tar content and whether the 
product was manufactured or hand-rolled (Table 2.1.4.31). Consumption of black 
tobacco, untipped cigarettes, hand-rolled cigarettes, or cigarettes with a high-tar yield ted 
[o a higher risk than consumption of blond tobacco (Merletti et al, 1989), filter-tipped 
cigarettes (Merletti etal., 1989; Mashberg et al, 1993, Rabat etal., 1994), manufactured 
cigarettes (De Stefani et al, 1992) or low-tar cigarettes (Franceschi et al, 1992), respec¬ 
tively, except in one multivariate analysis (Merletti el al., 1989). 

(iv) Sex 

Sex-specific effects were analysed in two cohort studies (Hammond & Seidman, 
1980; Akiba & Hirayama, 1990; Table 2.1.4.27) and four case-control studies (Table 
2.1.4.29). Both cohort studies reported a higher relative risk for male smokers than for 
female smokers. One case-control study (Merletti et al, 1989) also reported higher rela¬ 
tive risks for men than for women (Table 2.1.4.31), and the trends were general ly in the 
same direction for both men and women in all categories. An exception to the pattern was 
that for women the relative risk for smoking filter-tipped cigarettes was higher than that 
for smoking untipped cigarettes. 

Three case-control studies (Biot et al, 1988; Kabat et al., 1994; Muscat et al, 1996} 
found that the relative risks were higher for women than for men in all categories of inten¬ 
sity of smoking (number of cigarettes per day), cumulative exposure (cumulative tar con¬ 
sumption, pack-years, duration of smoking) and age at starting smoking, as well as for 
former smokers. However, the trends were always in the same direction and of the same 
order of magnitude. 

Overall, the strength of association was generally similar, especially when taking into 
account the fact that women generally under-report levels of smoking and that most 
studies included many fewer women than men. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(v) Ethnicity 

Relative risks were reported separately for blacks and whites in a large case-control 
study from the USA (Day el d, 1993; Table 2.1.4.29) Relative risks adjusted for al co | 10] 
consumption, sex and other relevant variables were very similar for the number of 
cigarettes smoked per day, years of cigarette smoking, age at starting smoking and number 
of years since stopping smoking. 

(vi) Case-series report 

One case-series report from Saudi Arabia, from where no other information was 
available, is presented in Table 2.1.4.32. The data are of limited value in assessing causa- 
lity, but have been included for the sake of completeness. 

(vii) Second primary tumours 

The occurrence of second primary tumours was investigated in three studies (Day 
et ai, 1994; Barbone et at ., 1 996; Cianfriglia el al, 1999) and their results are presented 
in Table 2.1.4.33. All these studies showed an increased risk of second upper aerodigestive 
tract cancer after a previous cancer in the same organs. 

The similarity in the association observed between tobacco smoking and cancers of 
various upper aerodigestive organs is consistent with the concept of field cancellation, 
i.e, the concomitant occurrence of carcinogenic alterations in different areas of the 
mucosa of the upper aerodigestive tract. 


Source: https://www.industrydocumentj 
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& Wynder, 1992). The cancer risk increased with increasing amount smoked per day and 
with cumulative exposure for both subsites (Table 2.1.4.24). In addition, the observed 
relative risks were up to 10-fold higher for supraglottic cancer than for glottic cancer 
(Maier et al., 1992b). 

(vi) Sex 

Few studies investigated sex-specific effects. One cohort study (Raitiola & Pukander, 
1997) reported similar risks for both men and women (Table 2.1.4.22), whereas in two 
case-control studies (Zheng et al., 1992c; Tavani el ai, 1994), the relative risks for 
women were up to 10-fold higher than for the corresponding categories in men, perhaps 
because of the small number of cases involved (Table 2.1.4.24). 

(g) Cancer of the upper aerodigestive tract 

Cancers of the upper aerodigestive tract traditionally comprise cancers of the oral 
cavity, pharynx, larynx and oesophagus. In epidemiological studies, especially in cohort 
studies in which there are few cases at some sites, investigators often combine several 
cancer sites and term these 'cancer of the upper aerodigestive tract’. This section sum¬ 
marizes the data from 16 cohort studies (Table 2.1.4.27), 26 case-control studies (Tables 
2,1.4.28-2,1,4.31) and one case-series report (Table 2.1.4.32). 

(i) Intensity and duration of smoking 

The results from the cohort studies are presented in Table 2.1.4.27. In all but two 
cohort studies, both from Japan (Kono et al., 1987; Akiba, 1994), the risk for cancer of 
the upper aerodigestive tract was strongly associated with cigarette smoking. Relative 
risks increased with increasing daily cigarette consumption (Hammond & Horn, 1958; 
Doll etal., 1980; Akiba & Hirayama, 1990; Kutler et a!., 1991; Doll et ai, 1994; Chyou 
et a!., 1995; Engelandef < 1996, Murata e-P«/., 1996; Yuan eta!., 1996; Kjaerheime/a/, 
1998; Liaw & Chen, 1998), duration of smoking (Chyou etal, 1995) or pack-years (Liaw 
& Chen, 1998). 

Details of the case-control studies are presented in Table 2.1.4.28 and their results in 
Tabic 2.1.4.29. Intensity of smoking was measured in most of these studies. In addition 
to, or instead of, the number of cigarettes or grams of tobacco smoked per day, exposure 
to tobacco smoke was also measured in terms of pack-years, lifetime consumption or 
cumulative tar. The link between duration of smoking and cancer of the upper 
aerodigestive tract was examined in 10 case-control studies (Blot et al ., 1988; Merletti 
et al., 1989; Barra et al, 1991; De Stefani et al, 1992; Franceschi et al, 1992; Day el al, 
1993; Mashbergetn/., 1993; Kabat etal, 1994; Lewin etal, 1998; Bosettie/u/., 2000). 
Six case-control studies also considered age at starting smoking (Blot et al, 1988; 
Merletti et al, 1989; Barra et al, 1991; Franceschi et al., 1992; Day et al., 1993; Lewin 
etal., 1998). 

All hut one study (Rao et al., 1999) reported an increase in risk for cancer ot the upper 
aerodigestive tract associated with cigarette smoking. A clear dose-response relationship 
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seen with increasing daily tobacco consumption and duration of smoking as well as 
with decreasing age at starting smoking in most of the studies examined. 

(ii) Cessation of smoking 

Eight cohort studies (Doll et al, 1980; Tomita etal, 1991: Akiba, 1994; Doll etal, 
[994; Chyou et al, 1995; Engeland el al, 1996; Nordlund et al, 1997; Kjaerheim et a!., 
1998 ) provided point estimates for former smokers (Table 2.1.4.27). The relative risks for 
former smokers were always lower than those for current smokers. 

Nine case-control studies examined the relative risk by years since quitting and 
generally reported a negative trend, which was statistically significant whenever analysed 
(Table 2.1.4.30). 

(iii) Type of cigarette 

The type ot cigarette was examined in several case-control studies: characteristics 
studied included the use of a filter, the type of tobacco, the tar content and whether the 
product was manufactured or hand-rolled (Table 2.1.4.31). Consumption of black 
tobacco, untipped cigarettes, hand-rolled cigarettes, or cigarettes with a high-tar yield led 
to a higher risk than consumption of blond tobacco (Merletti et al, 1989), filter-tipped 
cigarettes (Merletti etal., 1989; Mashbeig etal, 1993; Kabat etal., 1994), manufactured 
cigarettes (De Stefani et al, 1992) or low-tar cigarettes (Franceschi et ai, 1992), respec¬ 
tively, except in one multivariate analysis (Merletti et al, 1989). 

(iv) Sex 

Sex-specific effects were analysed in two cohort studies (Hammond & Seidman, 
1980; Akiba & Hirayama, 1990: fable 2.1.4.27) and four case-control studies (Table 
2.1.4.29), Both cohort studies reported a higher relative risk for male smokers than fur 
female smokers. One case-control study (Merletti et al, 1989) also reported higher rela¬ 
tive risks for men than for women (Table 2,1.4.31), and the trends were generally in the 
same direction for both men and women in all categories. An exception to the pattern was 
that for women the relative risk for smoking filter-tipped cigarettes was higher than that 
for smoking untipped cigarettes. 

Three case-eontrol studies (Biote/ al, 1988; Kabat etal., 1994; Muscat et al, 1996) 
found that the relative risks were higher for women than for men in all categories of inten¬ 
sity of smoking (number of cigarettes per day), cumulative exposure (cumulative tar con¬ 
sumption, pack-years, duration of smoking) and age at starting smoking, as well as for 
former smokers, However, the trends were always in the same direction and of the same 
order of magnitude. 

Overall, the strength of association was generally similar, especially when taking into 
account the fact that women generally under-report levels of smoking and that most 
studies included many fewer women than men. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2,1.4.2. (use-control studies on tobacco smoking and oral cancer: main charueterivticj; of studs' 
design 


Reference Number «>fcases and controls 

1'imiHr)' and years 
of study 


I ranctnichi <v ni. I l l Wfl) Men: I ^7 casts and 1272 
lady controls 

I d.S*6 H't 


Nantiaknrnttr ft <;/ 

< I 900) 

India 
W83 84 

•/hen# <*/ ni. (} 900) 

< ‘h ina 

19KX *0 


Men: 115 cu.ve* and I I 5 
controls; women: 233 eases ttitcl 
2.13 controls 

Mon: 248 cases and 248 
controls*, women: 156 eases and 
I 56 controls 


C hoi & Kilhyo ( IWI > M«r: 1 13 cusess and 339 
Republic of Korea controls; women: 44 c;n.cs and 

1986 89 132 controls 


Criteria for eligibility and comments 


Hospital-based study 

Cases of cancer nf Un? oral cavity, his<oJo£rccaJfy confirmed, jged 
* 75 years; 98% response rule 

Controls were inpatients with acute conditions unrelated to tobacco oi 
alcohol consumption, without malignant tumours, chosen mi the basis of 
rirety pi residency und ;>gc (± 5-yerii categories); l ?7% resfKirise rale 

Hospital-based study 

**3** vases histologically confirmed 

Controls: patients attending ih« wiin« hospital during the same period, with 
no diagnosis oi cancer, individually matched on sex. age and residence 

Hospital-based study in seven hospitals from the Beijing area 
Cases histologically confirmed, mainly squnmou$-eHI careinomR 
Control* randomly selected from non-cancer patients diagnosed within 1 
year ot interview, individually marched on age und xov 

Based oil several studies within the Korea Cancer Centre I lospital 
Si n e :i ■ ■; histologically confirmed 

1 • 1J1 ■ ■' 'w(erf from patients excluding individuals with cancers other 
: i 1 ■' ■ 1 •*lCco- and alcohol -related diseases. matched 3.1 nn age. sex and 
ad:i i :■ ‘i: date 


(Vcggia t'i ni. (lW) 

Uruguay 

1987-W> 


Men: 57 -. i-;es and 353 Controls l-hr-pi 


basted study in the university hospital at Montevideo 
■ ilogu^Uy conllrnuxl ns sijuamous-ccll Carcinoma 
.-Icete-f frompatient* with voi»<h - r 'o<is .m related to ftibuvcw or 



Country and years 
of study 


I" ranee sc hi ei at (1992) 

Italy 

im 90 


fvl:iier et <nf. (1992a) 
Ciermany 
1087-H8 

Bundgaard or til { 1995 ) 
Denmark 
i 486- 9<t 


Ko tit a/. 1 1 995) 
China. Province of 
Tni wan 


Men: 102 cases find 726 
controls 


Men: 200 cases nnd 800 
controls 


Men: 97 cases and 250 
controls: women: 04 eases- and 
150 controls 


Men: 104 cases and 194 
controls; women: 3 cases and 6 
controls 


I lospiLai -based study in the f’ordcnoitc province and the greater M Mun area 
(Lombardy region) 

Cases histologically confirmed 

Non-cancer controls admitted to the same hospitals lor acute illnesses 
unrelated to tobacco or alcohol consumption 

Hospital-based Study in two university clinics in Oitssen find Heidelberg 
Cases histologically coiilirnied as squamous-cell carcinoma of (he orn| 
cavity, oropharynx, hypopharyttx. or larynx 
Non-cancer controls, matched 4:1 on age (md residential area 

Population-bused study 

Cases histological ly con firmed as primary Squnnious-cell cifcinntiia and 

verrucous carcinoma 

Controls drawn from the Danish Central Population Register, matched on 
sex and age 

Hospital-based study in a deiuisliy department 
Cases histologically confirmed 

Controls: non-carcinoma patients treated in the hospital's ophthalmology 
and physical cheek-up departments, matched on sex and age 


Mucfurlauc cv til. (1995) 
China, 1988 89 
Italy, 1975 83 
USA. 1987-84 


Men; 549 cases and 834 Meta-analysis of'three studies in l3etjmg, 

controls; women. 28fi cases and Cases histologically confirmed 
466 controls Population and hospital controls 


and Nov York. 



O 

7* 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.2 (cun tel) 


Reference 
Country nnti years 
<*P study 


Number of eases and controls Criteria for eligibility and comments 


Hung el ill. (1997) 
China. Province of 
Taiwan 
10<#G 

Zlten^ ei til ( 1997) 
China 
| yss_89 


De Sfefiirti et til ( 1998) 

Uruguay 

l‘W2-% 


Schildt *v f.*l. <1998) 

Sweden 

V9S0--89 


Men: 41 oases ;lnd 12.1 controls 


Men: 65 cases and 65 controls; 
women: 46 cases and 46 
controls 


Men* 206 oases and 43 7 
controls 


Men: 237 cases and 237 
controls; women- I 17 coses and 
1 17 controls 


I 1 o pul mi on-based study 

Cases histologically con firmed 

Controls randomly selected tforu household registration (dikes in Taipei, 
matched 3:1 on age and ethnicity 

Hospital-based study in seven hospitals from the Beijing area 
Cases histologically confirmed 

Controls randomly selected from non-cancer patients attending the same 
hospital for conditions unrelated to smoking or alcohol consumption, 
matched on age and sex 

Hospital'based study 

Cases histologically confirmed aft squamous-cell carcinoma of ihc oral 
cavity 

Controls with diseases unrelated K> smoking or alcohol consumption, 
without min-neoplastic lesions of the oral cavity and pharynx, selected 
from the same hospital, frequency-matched by age { 19-year periods), 
residence and urban /rural status 

F\ »pu hu ion-based study 

Histologically confirmed eases of squamous-Ccil oral cancer reported to 
Cancer Registry 

Living controls drawn from the National Population Rcpisiry, Jo ..cased 
controls fiont die National Registry liir Caiis.cs of Heath, all controls 
mulched on age, sex, residence and year of■ Naff- r/tx .re. v.i>r«i ...'run-is i 



Table 2.1.4.2 (contd) 


Rdereiiri! 
Country ami years 

of stud v 


Number of crises and controls 


Criteria tor eligibility and comments 


Pmuceschi el til. (1099) Men; 274 cases and \ 2 54 

Italy atid Switzerland controls 

1992-97 


Hayes et ai. { 1999) 

Puerto Rico 
1992 -95 


Men: 29K cases and 4 I 7 
controls; women: 69 cases and 

104 controls 


Multicentre hospital-based study 
Cases histologically confirmed 

Controls admitted for acute non-ncoplastic Conditions unrein led «<i alcohol 
abuse or tobacco smoking, frequency-matched by age and area of residence 
Population-based study 

Cases histologically confirmed, repotted to the C entral Cancer Registry 
Controls younger than 65 years selected from residents of"ifie 
neighbourhood; controls aged 65 years and over selected from the rosters 
of ihe Health Care financing Administration 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1,4.3- 

Case-control studies (Hi tohiiccn smoking and oral cancer' Irttensity. 

ilaniliaii anil age at start! 

Reference 

Cancer suhshe 

No. of 

No. of 

Smoking categories 

Relative 

95% Cl 

Coiuiiry and 

ICD code 

cases 

controls 


risk 


years of study 







Frunceschi 

Oral cavity: 

147 

967 

Curium smoker 

M.i 

3.4—34.K 

«■/<»/. (1490) 

irrj-9: 



figure ites'day 



Italy 

140 lip 

26 

313 

^ 14 

5.3 

1.5-17.6 

I 986-8'/ 

t4 [ longue 

79 

396 

15-24 

14.3 

4.4-46.7 


14 3 gum 

42 

258 

a 25 

14.3 

4.2-48.0 


14-4 door of moult) 



Duration (yours) 




145 other parts of 

34 

414 

i -20 

5.9 

1.8 18.7 


mouth 

49 

255 

.10—39 

14.3 

4.3—17.7 



69 

300 

> 40 

18.0 

5.4-60.4 





Aye at starting (years) 





23 

224 

;> 25 

9.2 

2.7-31.7 



74 

498 

17-24 

10.0 

3.1 —32,5 



54 

247 

17 

13.6 

4.1-44.9 

Nandaktiinur 

Oral cavity: 



Cigarette smoker 

3.5 

1.5-8.2 

et «l. ( 1 990) 

lip. anterior longue. 



C'igaieues/day 



India 

alveolus and mouth 

1 ? 

23 

1-10 

1.2 

06-2.7 

l9*2-84 


37 

24 

l 1-20 

2.5 

1.2-5.4 



32 

2.5 

> 20 

2.1 

1 .0-4.4 





Duration (years) 





10 

6 

1-5 

2.6 

« »-a.6 



9 

14 

6-15 

0.9 

u i —2.7 



18 

18 

16-25 

1.5 

0.6—3.5 



49 

34 

> 25 

2.2 

f. f-4.3 


Adjusted tor uyf, area of 

residence, education, 
occupation and alcohol intukc 

p for trend < O.Ol 


> lor trend -c <).0t 


p tot' trend < (1.(11 




Tahlc 2.1.4.3 (cmiiftl) 


Reference 
Country' ;md 
years of study 

Cancer suhsiie 

ICD code 

No. of 

cases 

No. of 

controls 

Smoking categories 

Relative 

risk 

95% or 

Comments 

Zlkltrg ci aL 

Oral cavity: 

Men 

Men 




Adjusted lor ago. alcohol 

(199Q) 

ICD-9; 

22 

36 

Former smoker 

l.l 

0.6-2 l 

con sumption and education 

Chinn 

1 4 l tongue 

190 

143 

p.vcr-smukcr 

2.1 

l .3-3.3 


1 g«R-8<> 

143 gum 

168 

107 

Current smoker 

2.4 

1.5-4.0 



! 44 floor of tnrtu 1 h 



C'igaret ics/du y 





145 other parts of 

64 

30 

* K) 

1 .2 

0.6-2,4 



mouth 

6 1 

49 

10-19 

20 

1.2-3 A 




6 3 

46 

20 

2.2 

1. 1 —4.1 




44 

18 

5- 20 

3.7 

Ml 7.9 






Duration (years) 






44 

48 

<■ 26 

1 .4 

0.8-2.5 




42 

3<> 

26—32 

t .9 

1.0-3,7 




49 

31 

33 -41 

2.3 

1.1 4.6 




55 

28 

>41 

4.5 

2.1 -9.6 






Pack—years 






35 

49 

•e \ f> 

l .2 

0.7- 2.3 




44 

35 

15-24 

2.0 

1.1-3 6 




49 

28 

25-34 

3.2 

1.6 6.7 




62 

31 

> 34 

3.7 

1 Si -7 4 



> 

O 

rS 

o 

on 

£ 

o 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 





Till)1 1 ’ 2.1.4.3 (cnntd) 


Re fcrciiee 
Country and 
veyrs i»rstudy 

Cancer subsiie 

1C "11 code 

No. of 

Li JSCS 

No. vir 
COrtlrols 

Smoking, categories 

Relative 

nsk 

95"-'i, C’l 

Comments 

/hcnj' V* ftl ■ 


Wttmen 

Women 





( 


52 

16 

Ryer-siuukcr 

2.S 

1 < 5.4 


(canid) 




Current smoker 








C igaretlex/day 






1 7 

7 

< 10 

2. l 

0.8- 5.7 




22 

7 

1 0—1^ 

2.9 

1 .1-7.4 




f 3 

2 

> 19 

5.0 

11-31.7 






Duration (years) 






to 

4 

< 25 

2.11 

0.6-0.09 f sic J 




to 

4 

25-34 

4.7 

1.5—15.3 




22 

X 

> ?4 

?3 

0.9 6.? 






Pack vcjirs 






1 5 


• 13 

2.9 

<) 7-^J,7 




1 7 

6 

1 1 23 

3.X 

l.l- 13 4 




20 

3 

^ 23 

9 f) 

1-5-27,3 



Table 2-1.-4.3 (cmiuI) 


Reference 
Country and 
years of M'tdy 

t ne'er subsitc 

1' 1 3 code 

No. of 

cases 

No. of 

controls 

Smoking categories 

Relative 

risk 

95% Cl 

Comments. 

Choi & 

C'.-ii :iVily 

7 

48 

former smoker 

0.9 

0.4 2.2 

Analysis lor men only, adjusted 

Kahyo(!99 1 ) 

l l> ■» 

91 

201 

Current smoker 

2.5 

f.3^1.4 

for alcohol use 

Kcputilic of 

14" up 



< 'igiiretteR/Vlay 



Cases in women (44 i included 

Korea 

14 l tongue 

69 

190 

1-20 

l .9 

t 02-3.3 

42 JKih.srnok.crs and 2 current 

1986-8‘J 

143 j>urti 

27 

5A 

21^16 

3. 1 

1.5-6.5 

smokers. Female controls (131) 


144 Hour of mouth 

2 

3 

*41 

6.1 

1.01- 57.0 

included 1 12 iton smokers, IN 


i 45 other parts of 



Duration (years) 



current smokers mid l former 


niOLil h 

16 

5 3 

1-19 

1.9 

0.8- -4 3 

smoker. 



45 

128 

20-59 

2.0 

l .01-4.0 




37 

68 

2 4(J 

3.0 

1.6-5 8 






Age .'tf starting <ye:tfs) 






12 

44 

S 25 

LS 

0.7—4.2 




“5 

170 

18- 24 

2.4 

l .3- 4.4 




1 1 

35 

£ 17 

1 9 

0.8-4.7 


Oreyigia *•( «/ 

Tongue 

1 1 

92 

Former smoket 

I 1 8 

l .4—100.4 

Adjusted for tige, county, loud 

( 1 99 1 ) 


45 

154 

Current smoker 

29,4 

.1.7-234.2 

alcohol consumption, variables 

Uruguay 




CiyarenesAtiiy 



antdysed mid type el* lohacevt 

1987 89 


H 

201 

5 10 

1 0 





9 

6! 

I 1 -20 

19 

0.6-5 4 




13 

42 

21-30 

3,6 

1.3-10,2 




27 

49 

iT 31 

5.2 

2.0 13,3 

r for trend - <1.001 
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ruble 2.1.4-3 (couldJ 


Reference 

Country and 
years of study 

Ci«u;t-’i Mibsile 

ten code 

No. of 

No. of 
controls 

Smoking cillegoiies 

Relative 

risk 

95% c i 

Comments 

Mater ct <>!■ 

Oral cavity 

47 

1 88 

Rack -years 



Adjusted for alcohol 

(IWii) 




-t 5 

i (1 


consumption 





5-50 

1 7.1 

3.4 85.3 

Study included cigar and pipe 

1987-88 




> 50 

77.5 

1 i.(» 545.6 

smokers < 1 pack 20 cijearoiies 








<ir 4 cigars of 5 pipes). 








P lor Irene! 0.IWM1! 

Murid gnatxl 

Intra-oral sites'. 

5K 

128 

Daily tobacco 



Adjusted for alcohol 

eta!. (199.5) 

buccal muco set. 

57 

4 ! 

consumption fg) 



corisumpiiMu 

Denmark 

upper alveolus ami 



1 20 

2.1 

1.3 3.5 

1 g tobacco equals one cigarette 

1986-90 

gingiva. lower 



& 21 

5.8 

3 1 t <1.9 

p lor irond O.rtfl 1 


alveolus mni 



i .ifctitnc tobacco 





gingiva, haul pa laic. 



consumption (kgi 





tongue, retromolar 

30 

1 16 

1-135 

1.7 

0-9 -3.2 



ar«a, floor ol’mouth 

32 

76 

130 235 


1.3 5 O 




7.1 

68 

J> 236 

6.3 

3.1 12.9 

/> for trend <tt.O(il 





Li feu me tobacco 



Adjusted for lifetime 





consumption (kgl 



consumption ut alcohol, marital 





l 135 

1.7 

0.0- 3.4 

status, residence and wo. of 





13<S 235 

2.2 

1 .1-4.5 

teeth 





>236 

6.1 

2.8-13.0 

/> for trend -• ll.OCl 1 


3006392180 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 







Table 2.1,4.3 {contd) 


R c To fence 
CViuniry am! 
years of study 

Cancel vnlisiJc 

IC’D code 

No. <rf 

rases 

No of 
corilrn Is 

Smoking categories 

Relative 

risk 

95 % n 

Comments 

Kt» 4>t til. 

Oral cavity 

U 

30 

former smoker 

3.6 

0.9-14.6 

Adjusted for betel quid 

<1995) 

(CD: 

85 

98 

Current smoker 

4.6 

1.5 14 0 

chewing, alcohol consumption. 

C hint. 

M0 lip 






education and -occupation 

Province 

1 4 l tongue 







tit laiwan 

M3 gum 







19V2-93 

1*14 floor of mouth 








145 other pails of 








mouth 







Macfiirlam,* 

Oral cavity 



Men 



Adjusted forage, study centre. 

<•>/ ul (1095) 

ICD-9; 



1 -33 pack-years 



education, alcohol 

China. luily. 

I4 J tongue 



■longue 

1.6 

0.9—2.X 

consumption, ulcohot--*tudv 

USA 

M3 gum 



Crum 

1.5 

0.8- 2.7 

centre imeruciion- N« <-*nsva of 

! 975- 89 

144 floor of inoulh 



Floor tifmoulh 


- 

floor-of-mouth cancer were 


145 other fvirts of 



Oilicr/unspec. itic> ii tli 

1.6 

0.8 -2.9 

found among male 


niotiLh 



*■* 33 pack- years 



non smokers. 





Tongue 

2.9 

1.5 v(> 






Ciu m 

1.7 

0.8—3.8 






floor ol mouth 

- 

- 






Olltor/unspcc. mouth 

3,1 

J.5-6.3 








.4, v 







* 

’•■y- ■ ■ 

1 f j - ■ ' " 

Table 2. 1.4.3 (O 

until) 







Reference 

Cancer subsite 

No. of 

No. of 

Smoking categories 

Relative 

95% Cl 

Co tit meot^ 

Country and 

ICO code 

cases 

controls 


risk 



years of study 








Mac f aria nc 




Women 




el <ii. (1995) 




1 -33 pack veal's 




(otmul) 




Tongue 

2.5 

1.1-5.3 






Gum 

0.5 

0.1-2.3 






floor of mouth 

8.4 

1.6-44.7 






Olhcr/unspec. mouth 

3.6 

1.6-8.2 






■> 33 pack years 








riMigue 

4.9 

2.1 - It-4 






Cl uni 

3.8 

1,0—M.O 






Floor of mouth 

14.2 

2.4-84.3 






OiherAmspec. mouth 

7.5 

3.2 18.1 






Pack—years 



Analysis restricted to abstainers. 



88 men 


1 —33 

Li 

0,6 2.2 

from alcohol 





■> 33 

1 .3 

0.6—3.1 




1 53 


I-1K 

2.6 

l .2-5.6 




women 


> 18 

4.6 

1.9-10 9 



O 

o 

o 



> 

o 

o 

o 


o 

m 


Hung tv at 
(I.W7J 

China, 
Province 
of Taiwan 
t 990 


Oral cavity 

IC'D-9: 

140 rip 

141 tomjiuc' 

M3 gum 

M4 floor of mouth 
r 45 other pans of 
mouth 


liver -Smoker 
Puck—years 
<22.5 
t! '22.5 


5.0 1.7—15.1 Adjtinted for itge and ethnicity; 

30 cases and 15 controls 

4.0 i .2- 13.5 chewed betel quid- ull of whom 

5.9 1.9 IK.f* smoked cigarettes. 

t> for (rend “ 0.027 


3006392181 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



CM 
O V 


Table 2.1.4.3 

RefinviiCL 1 Cancer snbsitc 

Country und If'H code 

years of study 

Zhctlt c i ci/ 1 iHimie 

( 1907) 

China 
I 988 89 


No. of No. of 

eases contixtls 

.1 Id 

63 43 

69 13 

22 

3-3 2! 

25 IK 

.1*5 25 

23 23 

40 30 

29 IK 

24 25 


Smoking eat ego ties 

Relative 

risk 

05% C l 

Former smoker 

<1.5 

O. 1 -2.2 

liver-smoker 

2.2 

II 46 

Current smoker 

2? 

1.1 5.2 

< tgareiie opuis itlems'day 

< 13 

1.0 

0 9-42 

> 15 

2.0 

1-2 7.2 

Duration (years) 



<30 

2. 1 

0.9 4 4 

2 3<1 

2.4 

J 0-5 9 

Pack -years 

S 20 

1.1 

O f- -3.(1 

>20 

5.1 

IS- 14.5 

Age at starting (years 1 

;>2j 

2 6 

I.J 6.0 

< 21 

1.9 

0.9-4.5 


Comments 


Adjusted for alcohol 

consumption anti education 




Table 2.1.4.3 (contrt.) 


Reference 
Country and 
years of study 

Canter subs tie 
(CD code 

No. of 
Cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% Cl 

• Comments 

Do Steiimi 

Oral cavily: 

36 

105 

former smoker 

2.2 

1.2-3.9 

Adjusted (or age, residence* 

et <*/. ( 1 998 ) 

mucasal surface of 

IK2 

28 7 

Ever-mo kef 

4.2 

2.6-6.8 

urhan/tiiml status, birthplace. 

Uruguay 

ihc lip, tongue. 

146 

1 72 

Current smoker 

5.7 

3.-4- 9.5 

education ami total alcohol 

1992^)0 

other parts of mouth 



Cig-arcttes'diiy 



consumption 



27 

91 

1-14 

1.9 

1.0-3.5 




76 

10* 

l 5 -24 

5.1 

2.9- 8.7 




79 

8<1 

& 25 

6.1 

3.5-10.8 






Duration (years) 






51 

99 

1 -39 

3.5 

1.8-0.5 




68 

98 

40-49 

4.3 

2.5- 7.5 




63 

80 

> 50 

4.5 

2.5 -7.9 






Pack-years 






34 

100 

1-28 

2.2 

1.2-4.1 




52 

61 

2 9-47 

5.5 

3. 1-9.9 




47 

70 

48-76 

4.4 

2.7-7.9 




49 

46 

£ 77 

5 7 

3.1-10.6 


Schildi et til. 

Oral cavity 

80 

9 5 

Former smoker 

10 

0.6 1.6 

Adjusted (or alcohol 

(1998) 

103-9: 

202 

183 

Fvcr-irtoker 

1.3 

0.9-1.9 

consumption, oral snuff and 

Sweden 

140 lip 

122 

88 

Current Smoker 

1.8 

1. ! - 2.7 

diewing tobacco 

1 9RO--89 

141 tongue 



Lifetime consumption 



Neva situlT-userS nr.lv 


143 £um 



(kg) 





144 floor of mouth 

48 

5 2 

5 124.8 

1.2 

0 7 1.9 



1 45 other parts of 

79 

58 

> 124.8 

1.2 

l . i -2.9 



3006392182 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1-4.3 (comd) 


Reference 
Country ;md 
years of study 

CaitCct gu twite 

ICO code 

No. of 

cases 

No. of 

controls 

Smoking categories 

kelalive 

risk 

95*14 Cl 

Comments 

Franecsclii 

Oral cavity (lip and 



Current smoker 



Adjusted for alcohol 

c-r al < 1 999 | 

salivary glands 



C :ijpireltes/<loy 



consumption 

Italy and 

excluded I 

27 


1-14 

3.7 

l.5-7.2 


Swil7C(l and 


9K 


15-24 

7.7 

3.8-15.4 


1992-97 


72 


S 25 

10.7 

5 0-22.8 


1 layes us ttf 

Oral cavity 

Men 

Men 




Adjusted for age and alcohol 

< l Wj 

iri»-y ; 

259 

270 

l:,vcr-siTi<iker 

3.9 

2.1-7.1 

use 

Puerto Rico 

1 4 1 tongue 



Cigarettos/day 




i ‘>‘>2 95 

143 yum 

V 

61 

1-9 

0.9 

0.4-2.4 



144 f}<ior ol mouth 

30 

53 

1019 

2.8 

1.3 6.0 



! 4? other ptn t.s of 

1 18 

89 

20-39 

ft 0 

3.1-1 1.4 



(TKUlth 

loi 

65 

£ 40 

4.9 

2.5-9.7 

p for trend < 0.00(11 



WfHTlCTl 

Women 







3*. 

30 

Ever-smoker 

4.9 

2.0 1 1.6 






CigJiretlcs/xlay 






s 

9 

1 -9 

2.2 

n . r» . 8.4 




6 

7 

10-19 

4.3 

1.1-16.1 




1 9 

12 

20-39 

6.4 

2.1-19.6 




ft 

2 

>40 

28.2 

3.7- 2 16.0 

p for trend - 0.0001 


Cl, confidence interval; unspec.. uospedllcd 


Table 2.1.4.4. 

, Case--control studies 

on tobacco 

smoking anti oral cancer: 

smoking cessation 


Reference 

Country and 
years of study 

Cancer stibsitc 

1CP code 

No of 
cases 

No. of 
controls 

Years since 
quitting 

Relative 

risk 

95% Cl 

Comments 

Prancesc In 

Oral cavity 

147 

967 

Currwif mi inker 

1 1 .1 

3.4- 34-8 

Adjusted forage. area of residents*, 

ut al. (1990j 

1C P-9: 

20 

203 

< 10 

5.7 

l ft 20.8 

cduciMititi, ncctipaiion wui alcohol 

Italy 

1986-89 

HO tip 

14 l Hmgue 
t O trum 

144 lloor of mouth 

145 other pans of month 

5 

197 

> 10 

l.l 

0 3-5.1 

intake 

p for trend 0.01 

Choi £ KatftV 

Oral cavity 

91 

701 

Current smokei 

1.0 


Analysis for men only; ;i<J justed for 

(1991) 

ICD.9; 

2 

4 

1 -4 

0.7 

0.1 3.0 

alcohol use 

Republic of 

140 lip 

t 

1 5 

5 9 

0.6 

0.2 2.2 


Korea 

(98ft 89 

1 41 tongue 

1 43 gum 

144 floor of mouth 

145 other parts nf month 

2 


?■ 10 

(1.2 

0.1 0.? 


Oreggia <■/ at. 

Tongue 

45 

154 

Current smoker 

1.0 

- 

Adjusted for age. county, total alcohol 

( 1991) 


5 

2K 

1-4 

9.4 

0.1-1.2 

intake, intensity arid duration of 

Uruguay 


2 

23 

5 9 

0.3 

O.i 1.4 

smoking, ugc sit sKirting smoking atul 

1987-89 


4 

41 

^ 10 

0.3 

0.0 0,6 

type of tabacco 

p 1<>r trend ' (1.0(1 i 


3006392183 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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TiiM l- 2.1.4.4 (could) 


Reference . 
Country and 
years of study 

Ciincer vubsi 
irn code 

No. nf 

No. of 
controls 

Years since 
. t)uiitiii£ 

Relative 

risk 

05«/, C'| 

Pninccschi 

Tongue 

83 

306 

Current smoker 

10.5 


c/ al. (104 2) 

ICIJ-O: ’4 1 

12 

1 22 

«■ JO . 

3.8 


Italy 


3 

tJR 

> to 

0.7 


l 9RO-40 







Mat l a dune 

Oral caviiv 



Current smoker 

1 II 


"t at. < 1995) 

ICD-9: 



* 1 

( -» 


Chinn. Italy. 

141 longue 



1 9 



USA 

14.3 gain 



> 9 

0.5 

0 3 0.7 


L 44 Hour of mouth 







145 othvi ports «>f moutl: 






De Stofani 

Oral cavity: 

T 46 

1-2 

Current sinrker 

5.8 

3.5 9 6 

t -r oi. ( 1 siO B) 

mucosal surface of the lip. 

211 

40 

1 4 

».2 


Uruguay 

tongue, other puns. 

12 

28 

5 <f 

7 T 


1 W2-‘lf> 

of mouth 

4 

37 

> If 

0.7 

0 2 2.1 

Hayes ol <//. 

Oral Cavity 

M en 

Men 




(IV99) 

ICf>9: 

250 

270 


1.0 


Puerto Rice 

14 i longue 


103 

2 

7.5 


IW2-95 

14.1 gum 

3? 

38 

2-9 

4.1 

1.8 89 


1 44 lloor ol mouth 

20 

56 

10- 19 

2 0 



145 other pans of mouth 

IS 

73 

2 20 

J .2 

0.5 -? 7 



Wi>men 

Women 






36 

30 

Current smoker 

4.9 

2.0-1 1 .6 



23 

10 

<2 

14.1 

4.2-47.2 



8 

5 


8.7 

2.2- .• 



2 

4 

1> |9 

- ,♦ 

<•’. -1 



2 

10 

i20 

■i N 

U. 1-4.2 


fT. confidence 




Adjusted lor age. area of residence, 
occupation and alcohol iuihiis 
/» for trend «' 0.01 

Adjusted lor age. set. Muth ii'itln 1 . 
oducutinn, alcohol tons ump lion, 
previous lobaCCTt use ;tml imcraciion 
terms for study centre educelinn .inti 
Sind) centre alcohol use 


AdiiisteJ fit) njfo. resilience, 
urhuiv'ruiat datus, birthplace, 
education mid tnlul :iLuhnl 
consumption 

Ailiustcd for iijny and alcohol u$e 




Table 2.1.4.5, Case—control studies mi toliaceo smoking and oral cancer: type of tubacco and/or cigarette 


Reference 
(country and 
years t>f study) 

Cancer subsitc 

ICD code 

No. of 

cases 

No. of 
controls 

Smoking categories 

Relative . 
risk 

95% Cl 

Comments 

Oreggia *>/ af 

Tongue 



Type of tobacco 



Adjusted for ago, county, toial 

(1991) 


10 

106 

Blond 

1.(1 


alcohol consumption, ftmokirtg 

Uruguay 


6 

23 

Mixed 

1.8 

0.5-0.« 

intensity.nu-f duration, aye at 

1987-89 


44. 1 

r 17 

11 Jack 

4.0 

1.7-9.6 

starling smoking 








p tor trend < (>.25 

I’mnceschi 

Tongue 



Tar yield 



Adjusted for aye, area of 

et at. (1992) 

ICD-9: 141 

49 

364 

Low tur ( < 22 mg! 

5.K 

1.8-19.1 

residence, occupation and 

Italv 


45 

185 

11 igli tar <>22 mu) 

9.8 

2.9 33.1 

uEcoliol habits 

fO«6-90 







f> for irend ■- 0.01 

De Steiitni et ul. 

Oral eavitv. 



Type of tobacco 



Adjusted for aye. residence. 

(1998) 

mucosal surface 

9| 

222 

Mainty blood 

2.4 

1.5—4.1 

urlmn/rural status, birthplace. 

Uruguay 

of the lip, tongue. 

91 

55 

Mainly black 

9 4 

5.4-16.3 

education and total alcohol 

1 <>..#2-96 

other parts of 






cons tmipt ion 


mouth 



Duration by Jubucco type 






32 

85 

Blond 1-19 vears 

7.3 

1.2-4.5 




59 

1-7 7 

Blond Z 4<) years 

2-5 

1,4-4.3 




19 

13 

Black 1 — 39 years 

S3 

3.5-19.7 




72 

42 

Black > 40 years 

4.7 

5.4—) 7.3 






Hand-rolling 






45 

107 

Lifelong mnnufiiclured 

2.9 

1.6 5.2 




31 

09 

M ixed 

2.6 

1.4-4.9 




Hi 6 

10| 

Lifelong hand-rolled 

6.1 

3.6-10-2 






Duration tty hand-rolling 






17 

39 

Manufactured 1 - 39 years 

2.6 

1 2-5.6 




In 

SR 

Manufactured > 40 wars 

3.2 

1 7- 6.1 




74 

49 

Rolled 1 39 vears 

4.2 

2.1 8.2 




103 

t 21 

Roiled i> 40 years 

4.R 

2.9 -K 1 




3006392184 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 2.1.4.5 (con til) 


Reference 

Cancer Subfile 

Mo. .if 

No. of 

Smoking categories 

Refill ive 

95% C l 

Comments 

(ctmnlr) and 
years of study) 

ICO code 

cases 

controls 

risk 




Du Stefa m <-/ ( ,f. 




filler use 




( 1998) (COTTtdl . 


lx 

25 

Ulnlang tiller 

1,7 

9.6 A .« 




48 

129 

Mixed 

2.3 

■1.3-4.1 





113 

Lifelong plain 

tv.o 

3.6 - 10.0 






Smoking pattern 






2« 

90 

8 fond ■+* immitacturcd 

1 9 

0.9-3.5 




63 

120 

ft loud + hand-rolled 

2.X 

1.6-4.8 




17 

f I 

Black ■*-manufactured 

l(l 3 

4.2- 25,1 




vj 

44 

13lack * hand-rolled 

9.2 

5.1 HO 


Hayes «'/ at. 
(19991 

Oral cavilv 
fCD-9: 

Men 

259 

Men 

270 

Cigarettes 

3.9 

2.1 7.1 

Adjusted for age and alcohol 
use 

Puerto Rico 

14 1 tongue 

1 1 

7 

Ocher tobacco onlv 

7 b 

2.1 27.7 

1 942-95 

143 gmn 

Women 

Women 





144 floor of 

39 

30 

Cigareties -» other tobacco 

4.9 

2.<> 1 1 .6 



mouth 

6 

3 

Other tobacco only 

7.1 

1.4 34 6 



145 other pans of 





- • 

mouth 








Cl, confidence interval 



Tabic 2,1.4.6. Case-series an smoking and oral cancer 


Reference* 

Cancel subs he 

•J 4 

No. of 

Age 

Histological types 

Exposures 

Comments 

Country and 



cases 





years oi study 








Sein <il. { 1992 ) 

Alveolar ridge 

61 

35 men 

15 -85 years 

85 , 7 % squamous- 

Smoking habit 

% lnci<lcnt cases 

Myanmar 

Buccal mucosa 

15 

35 women 


cell caret noma 

Nonsmokcr 

32.9 only 

1985 88 






Occasional 
Regular < 55.7 

1.4 

Ma’aita ( 2000 ) 

Tongue 

23 

84 men 

35 -90 years; 

46 % squan khi s-cell 

Smoking habit 

% 

Jordan 

Buccal mucosa 


29 women 

mean age. 

carcinoma 

Nonsmoker 

24 

1989 *>K 

and sulcus 

5 


62.5 yours 


Cigarette smoker 

55 


Gingiva 

L<i wer a | veo l ar 

6 




Pipc<'cigar 

21 


ridge 

Upper alveolar 

19 







ridge 

9 







Floor of mouth 

34 







Palate 

4 







'' Studios from regions where no other analytical epidemiological data arc available 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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I able 2,1.4.7. Case—control studies on tobacco smoking ami sinonasal cancer 
main characteristics of studs design 

Reference Number of casts Cfltcna for eligibility 
C uinti) ami and controls 


Brinton fi J 
I!954) 

USA 

IdTO-M 


\g;l9S6j 
Hong Kong 
SAR 
1974-8, 


Hayes nut ' 

(1987) 

[lie 

Netherlands 

1978-81 


hliadc; c ai. 

(i mi 
USA 
i170-83 


Mer ■ - and Hospital-based study in tour hospitals in»«states 
183 conn „ Cases diagnosed as cancer of the nasal cavity (61 j.'ti&xilW 

"'bran ■ . iso simts |7t | or other sinuses (M), histologically confirmed as 

ami 10/6 controls squamous-cell carcinomas (54%), adenocarcinomas t: s \,,. 
others (31%), aged > 13 years; response rate. 8 ■ 

Controls (178 hospital controls for living c scs and I 0 d:;o 
certificate controls for deceased cases), mi- icd on f-.p, v 
admission year, age, sex. raw and residence; rcspons. sr-, 
7X%; cancers and other conditions of ttppei aeiodiwestive 
trad were excluded. 

Men; 157 cases Hospital-based study at the Institute of Radiology and 
and 158 controls; Ontology 

"omen: 68 cases Cases of cancers of the nasal fossa (87), maxillary sinus 
and 68 controls t. II0) and other sinuses (33). aged > 18 years 

Controls with all oilier malignancies except nasopharyngeal 
cancer, randomly selected and individually matched on 
admission year, age (i 5 years). sex. race and resident stall.. 

Min; 12 cases and Population-based study 
195 controls Cases of cancels ofthcnasal cavity and sinu.. : nclu.rue 
28 deceased cm, histologically continued as squamous-cai 
uarcinootas (54%) or adenocarcinomas (26%), aped 35-79 
years; response rate 79% 

Controls included a random sample of residents in the 
country and of persons deceased during 1 98(1; response rate, 
75% 

Men: 33 cases and Copulatnm-based study in Washington 
3a/ controls; Cases identified by the population -based cancer registry, 
women- 40 cases histologic,ill) confirmed as squamfflis-cell carcinomas 

and e25 conlrois (51%), adenocarcinomas 11 I'M or other types (3K%h need 
20-74 years; response rate, 72% 

Controls selected by random-digit dialling and matched by 
age and spy; 83% of eligible controls participated 

Men; 1 25 cases Population-based study in I tDkkaido 
and 2511 controls; Incident cases or squamous-cell carcinoma of the maxillary 
women: 44 cases sinus, aged 41) -79 years; response rate, 96.6% 
and 8s controls Controls matched by sex. age and area of residence; rcspons 
rate. 93.4% 


Men: 125 cawa 


Shibtita (1990j and 25!) controls; 


Table 2-1-4.7 (contd) 

Referat« Number of cases 

t oitn^' and and controls 


■..yrsofTnnK 

TSets^- 

,1992b) 

Chte 

jDXS-40 


(1993) 

ISA 

HKib 


tMattoetje 

cftrf.(IWi 

IratiK, 

Oerrnatiy. 

Wy, 

. Netherlands 
sitd Sweden 
1979-90 

Caplatt n ol 
(’000) 

USA 

(184-SS 



Men. 39 cases and 
269 controls; 
women: 21 cases 
and 145 controls 


White men; 147 
cases and 
449 controls 


Men: 4: i cases 
and 1464 controls: 
women: I tie eases 
. and 241 controls 


Men- 70 cases and 
1910 controls 


Criteria lor eligibility 


Population-based study conducted in Shanghai 
Cases of cancers of the nasal cavity, paiitnasal sinuses and 
noddle car. including 4{)% of squamous-cell witinumas. 
aged 20-75 years; response rate. 9;.2% 

Controls frequency matched on sex and age: response rate. 
84.6% 

Data from the 1986 US National Mortality MlowbsA 
Survey 

Dcaihs from cancer of the maxillary sinus (761, nasal cavity 
111), other sinuses (56y and auditory tube and middle car (4 j. 
aged 4 4; years, response rate. 88% 

C ontrols aged ? 45 years who died from causes unrelated to 
smoking ur alcohol consumption 

Pooled unalvsit of eight studies conducted it: five European 
countries 

fuses of xmenasal cancer, histologically confirmed as 
■ squamous-cel? carcinomas (43%}. adenocarcinomas (29%t. 
other types (26%) and of unknown histology | l%l 


Population-based study (Selected Cancers Study! 

Cases identified from the registries, histologically cuillirtnec 
as carcinomas (74%) nr noil-carcinomas (26%). aged 35-bit 
years; response rate, 78%. of all cases 
Controls selected by random-digit (Ming, frequency- 
matched to another case group by geographical area and age 
(5-year groups) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 





1 illllc 2 . 1 . 4 . H, Ctlsi- c um rnl sludics on tob acco smoking suul cancer nf Hie nasal eas ily and sinuses 

Cancer xuhsitc fxpo.'iuic categories 


Kefmmco 
Country and 
years of study 


Relative 

risk 


Hrmfon <*t at. 
(J<3S4> 

USA 
1970 -SO 


■ Uy. 

I 6tM); 


Nasal cavity, 

Hong Ktuig SAF< sinuses 

1974-81 ICI>K: IftO.fL 

160.2-S; I 6(1.8- 
I fiO ‘l 

Hayes ft <ii (1987) Nasal cuvily, 

1 he Netherlands acccss<iry 

1978-8i sinuses 

ICD-M: 160.0; 
160.2 1C' 


S»ltliinVftus-tdl carcinomas 
Current smoker 
Duration (yvnrs) 

.to 

30-39 
40—19 
2 5(1 

Adenocarcinomas <»; ■== 24 > 
Current smoker 
Dtiration (years) 

< 30 
30-39 
40—40 
S 60 

C'orneul smoker 


Sq ua fi lot j s-cv II ca it 
l\ vet-smoker 
C'uncnt smoker 
C i ji.llcl tcs/dliy 
I 9 
lO- 19 
20-34 
& 35 


(« * 86) 


1.9 

3-0 


0.4 

il.fi 


i ,7 
2.6 
l.fi 
5.1 


0.9-20.8 
1.2- 9.9 


Referent group im.lii.lcd Luge proportions of 
smoking-asiiociaUrd muliguai icies; inconsistent 
t rent I with duration at intensity of smoking, 
relative risk was not reduced after adjusting ti<r 
con founders. 

Adjusted for age; small sample si^c 


/» ft>l* trend -kfl.fKJS 


O 

Ci 


O 

c: 


Table 2.1.4.H (canid) 


Kelerence 

Country and 

years of st udy 


Citnccr suhsite 

IC'D code 


Exposure categories 


Hayes eta/. | 1987) 
(contd I 



Relative 

risk 


Com men is 


Strader i’/ ut. 

<I9KK| 

USA 

1979-83 

Fukuda & Shibata 
(1990) 

Japan 
I 9K2 -86 


Nasal cavity, 
sinuse* 

1C D -O (19761: 
I 6U.0 -160.9 

Maxillary 
[CD-9: it.CI ? 


Adenocarcinomas tu ■ 53 1 
Fvcr-smoker 
Current smoker 
Ci tin re ties'day 
I -9 
JO-19 
20-34 
£ 35 

> 40 pack- years v<s < | pack- yea i 
A li types (a 61) 
Sijuflitious-cd! in 27) 

C i yard tes/dn \ 

JO 

1U- 19 
20-39 
> 39 

I'ack years 

< 25 

25-50 

50 


?.5 

2.9 

4.6 

2.1 

2-9 


0.5- 65 6 
0,5- 5.5 


1.3 

1.5 

0.8 


f) for trend ' 0.1KI5 

03 

n 

o 

1.7 

0.8 3.9 

Referent group may trot lie appropriate 
increased rdatiw- risk with increasing levels of 

<jr> 

s 

6.6 

1.7-29.6 

smoking 

7s 

2.7 


Analysis for men only: study included only 
sctuanuujs-cell earciimmas. 

m 


3006392187 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


I :kf>I«; 2. 1.4.A (could) 


Kulbrunvc 
<Hunir> anJ 
years o( study 

L'anvef saihsite 
1(1) code 

i vfx’surc cati-^n iei. 

Ke-lauve 

risk 

( | 

C\ unmciiH 


/hen^ si ut 

Nasal cavity. 

All types <« 60 1 



Adiusned Uti 

- nee ) 6.1 vs > 63 wilts) 

( i M02h| 

paranasal 

Ever-smoker 

<J 7 

II A t 2 



China 

sinuses. wikWlo 

Ci^«ivilc'cdn> 





!</«« 90 

car 

< 20 

0.7 

<14 (.2 




IC'D 9. UiU 

> 20 

0.7 

<1.1 I 9 





Duration (years* 







<30 

(1 6 

0 i 13 





2 30 

it 7 

0.4 l .5 





Squamous-cell enn inonuts yn ~ 24 1 







Bv'er-smoker 

I 7 

II 7 3 fi 





C'igatvlles^dny 







*- 20 

1.7 

It,7 A | 





a 2u 

t.5 

<1.4 5.6 





Dura) ion ( vt'ars) 







< 30 

1.5 

0.5 -4 | 





a 3o 

) K 

0.7 4 Q 



XJlCItg <*/ i/I 

Nasal cavity. 

[’ vi'r-im<ik er . 

t .2 

<1.7 t O 



< 1 9‘/3 1 

paramisal 

t igaiclics/day 





USA 

simtscs. middle 

< fir occasional 

» 6 

(13 t.2 



I9K6 

car 

15 ?4 

1 .1 

<) 7 1 M 





> 34 

2.0 

1 1.36 

ft for ircrut ■- 

0.01 



Dural inn (venire} 







< 25 

OX 

0 4 1.4 





26 40 

! .2 

0 7- 2.2 





> 40 

[ O 

1 .1 

ft ft‘J t I‘cik1 

u ot 



Vet" • -• i "•*. •• quitting 







Cmiwiu auuiker 

1.0 






■c S 

1.3 

0.7- .* 





5-9 

1.2 

0,5- 2..-: 





lO 

0.4 

0-2 -<i. • 

ft for (rend <■ 

o.ov 






.... 



2 . i.-t.ti i- 

i*u.id) 





Reference 

CouiHiy and yours 
of study 

Cancer sufisrtw 
ICT> cade 

Exposure cutcgoriOs 

Fc {’.Live 

1*1 

wViCI 

Conxnvcrvts 

’t MatUtetje Sil. 

Nasal cavity nnd 

All 



Adjusted for nye ( HI-year categories), sex. 

09091 

Mimses, 

Former smoker 

1.3 

\ .0-1 S 

study centre and suiokinjz status 

France. Ocnrnnny. 


Current smoker 

1-2 

0.0-1,6 


Italy, Netherlands 


Women 




and Sweden 


Former smoker 

1.5 

0.6-3.-1 


1979 4<| 


Cuirem smoker 

0.8 

0.3-1.8 




Men 






J'ormei smoker 

1 4 

1 03-2 O 




Current smoker 

1.3 

0.07 1 .9 




8q min to us-ee 11 ewe i 11 on*a s 






Ur 74U 






Former smoker 

1.2 

0.8-1 .* 




("uircnl smoker 

1.7 

1.2-2.6 




Adenocarcinomas <n “ 100) 






Fonner smoker 

1.3 

0.8-22 




Current smoker 

0.7 

0.4-1.2 


C.ipDn et of. 

Nasal cavity 

Etver-sinoker 

2.4 

1.1 -5.2 

Adjusted tor age, registry area, living of 

(2001) j 


Cigarcltcs/duv 



workitig on a hum, several other occupations. 

USA 


! -1V 

1.5 

0.6—3.0 

and household income 

1984- 88 


20-39 

2.1 

1.0-4,7 




4 40 

3.1 

1.3-7.4 




Pack-years 






<• IS 

1.3 

i. 1.5-3 3 




1 5- 29.9 

1.6 

0.7-3 0 




30-44.9 

2.4 

1.0 -5.7 




>.45 

3.1 

13-7.4 




Duration (years) 






< 13 

1.4 

0.5 3.6 




1 5 24 M 

1.0 

O.S4.S 




25 --34.9 

3.1 

1.3-7.1 




> 35 

3.1 

1.2 8.2 



Cl. confidence interval 


3006392188 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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3 % 


1ARC MONOGRAPHS vfii nvic c- 



Age til sfjti-irn^ (j 


TOBACCO SMOKE 


■fable Z.M.10- CastH^ntrul studies un tobacco smoking and n: 
characteristics of study design 

k civl^Ofe Numbcr of case? Criteria for eligibility aod commails 

r^to' aod > -ears comrols 


rjni.v«i 0 ? 73 ) 

Province 

sjf iaiwin 

Henderson etcil 
y\n) 

is a ' 

14*1-74 


laryngeal cancer: 


Men and women: 
34} casus and 1017 
controls 


Men: )U5 cases and 
179 controls: 
women; 51 cases 
and 88 controls 


junta d of (1980) 
USA 


Men and women: 
13 cases and 13 

controls 


Uabuehi el ai. 

[I'm 

U>1 

4ycvs 

mm 

Hong Kong SAR 
1974-81 


Yu et d (1986) 
HongKocg SAR 
1981 

Nfog et ol. (I9Wj 

China 

1981 


Vutf a /.(1990) 

r tiina 

wkj-85 


Men and women: 
39 cases and 39 
controls 


Men: 159 cases and 
158 controls' 
women: 65 cases 
and 68 controls 


Men: 160 cases and 
160 controls; 
women: 90 cases 
and 90 comrols 

Men: 68 cases and 
204 controls; 
women: 32 cases 
and 96 controls 

Men: 209 cases and 
209 controls; 
women; 97 cases 
and 97 comiols 


Population-based study in eight cities and counties 
Cases reported by all the medical facilities in the stud) anas: 

93% histologically continued: response rate, 79.4% 

Controls from neighbourhood individually matched by age 
(±5 years) and sex: response rate. 85% 

Population-based study in California 
Cases: 88 identified by the Los .Angeles Cancer Surveillance 
Program in 1971 74.27 by the California Tumor Registry in 
1960-70. and 41 incident cases in 1972-74; mean age. 51.4 years 
Controls wc in* and outpatients, individually matched or, sex, 
age, race, area and socioeconomic class; mean age, 52.4 years 

Population-based study among natives in Alaska 

Cases identified from pathology files and tumour registries of the 

Alaska Native Medical Center, aged 32 80 years 

Controls Were apparently healthy, individually matched (1:1) by 

sex. age (± 2.5 years), race and area of residence 

Hospital-based study in five metropolitan areas 
Cases histologically confirmed: response rate. 64% 

Controls randomly selected from admissions, matched on aye 
{+ 3 years}, sex, race, marital status, hospital and admission 
penod 

Hospital-based study at the Institute of Radiology and Oncology, 
among Chinese 

Cases aged > 18 years; mean age, 57 years 

Comrols with all other malignancies except canter of the nasal 

cavity and sinuses, selected in random order from pattern's 

register, matched on admission year, agei± 5 years t, sex, race and 

resident status; mean age. 57 years 

Population-based study in 4 hospitals, among Chinese 

incident cases histologically confirmed, aged < 35 years: response 

rate, 94% 

Controls were friends, individually matched by age and sex 

Population-based study in Tianjin city 
Cases identified from the population-based cancer registry 
histologically confirmed, aged £ 64 years; response rate. 61.3% 
Controls individually matched (3:1) on age. ScX and race (HauJ; 
97% first chosen controls participated 

Population-based study in Guangzhou city 

Incident cases identified ai the Tumor Hospital, histologically 

confirmed, aged < 50 years: response rate. 93% 

Controls individually matched by age {± 5 years: and sex 


3006392189 


3006392190 
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Table 2.1.4.1ft (cnntrl) 


Reference 
Country ai >d years 
of smd% 


Number of cases 
and controls 


Criteria for eligibility and eomiiifiHs 



TOBACCO SMOKE 


399 


Nam ei at. (1992) Men. 141 CftScs and 
USA 282 controls: 

1986 women: 63 caws 

RD<i 126 controls 


Population-based uiundily suidv among white Americans' ' w 
Cases taken from a random sample of till deaths in 1986, age/} 

> 25 years; response rate. 89% 

Controls had died from diseases unrelated to smoking wak-ujy, 
drinking, aged < 65 years, randomly selected from the sex >-.i 
strata, individually matched {2:1) 

Sriair.pom ei 4t(. Men: 80 cases and Hospital-based «udy in north-e;istem Thai)and 

11992i 80 controls: w omen Cases diagnosed and attending radiation therapy at the hupfe- 

Thailand 40 eases aud 40 Controls admitted for oikf disease* excluding any cancers sit 

! 987-90 controls respiratory diseases, matched by sex and age (± 5 years) 

Hospital-and population-based study 
Incident cases recruited from Philippine General Hospital 
histologically confirmed. <■ 10% ethnic ally Chinese, aged i !••<■• 
years: response rate, 100% 

Controls: 104 hospital controls matched tor sex. age andvjf-J 
type: response rate. 100°«: 101 community controls matched G 
sex. age and neighbourhood; response rate. 7 7% 

Eopulauon-based study in Wuzhou ami Zatigvu 
128 controls: Incident cases, histologically confirmed; mean age. 41.6ye jy 

vs omen: 24 cases response rale, 98% 

and 48 controls Controls from neighbourhood, individually matched; 2. . o-i 
age {f 4 years) and place of residence 


West e/a/ (199?) Men: 76 eases: 
Philippines women. 28 cases: 

205 controls 


Zheng pial (1994} Men: 64 cases and 


China 

1986 


Yc et «/. (1995) 
China 


7hu et oi (1995, 
1997) 

USA 

i W 88 


Vaughan ei a /, 
(1996) 

USA 

1987-93 


M cn; 114 c as cs ii nd Jluspilal-basedstud) inteachingbospilul 
1 14 controls. Incident cases, histologically confirmed, 82% poorly 
women: 21 cases. di fferentiate d 

and 21 controls Controls from the surgical and orthopaedic departments with r; 

cancer, non-respira’ory disutbCi, individually matched oaro*. 
age, admission date and residence or ethnicity 

Men: 113 cases and Populaiion-based study in eight cancer registries (Selected 
1910 controls Cancer; Study) 

Cases histologically confirmed including 73% of squamous-,.''' 
carcinomas, aged 3,5-39 years in 1%8; response rate, 86.3* 
Controls selected b> random digit dialling. frequency-raatdH>j * 
another case group; 83.1% of eligible controls 

Men and women: Population-based study 

231 cases and 244 Cases identified by five population-based cancer registry, 
controls histologically confirmed as differentiated squamous-cell 

carcinomas (60%) or undifferentiated and non keratinizing 
carcinomas (28%); aged 18-74 years; response rale, 82% 
Controls selected by raidcm-digit dialling ami liequcncy- 
matchcd un sex and age (t 5 years); response rate. 70% 


rs He2.1.4.1tt(coald) 


Number ol cases 
and controls 


Cntena for ehcibiiiiv ami conm-iUb 


_ ol. (1999) Men: 114 cases and 
. ri . A province 104 controls; 

^ [swan women: 260 case? 

and 223 controls 


\r' trongrffli 

./M') 

A-"-92 


.' jo el d (2000) 
;b t 
%.*- 99 

\ . r' 2(f J 


Men: 195 eases and 
195 controls; 
women: 8? cases 
and cuturols 


Men and women: 

57 cases am! 327 
controls 

Men: 668 cases and 
699 controls; 
women: 267 case* 
and 333 controls 


Population-based siudy in Taipei 

Incident cases identified in two hospitals, histologically 

confirmed, aged < 75 years; 99% response rate 

Controls with no history of nasopharyngeal cancer, randomly 

selected using the National Household Registration System. 

individually matched on sex, age (? 5 years) and area o!' 

residence; response rate. 88% 

Population-based study among Malaysian Chinese 
Cases (119 prevalent and 163 incident) diagnosed at four study 
centres, histologically confirmed, aged 19-74 years; response 
rale. 53% 

Controls with no history of cancer of the head, neck or respiratory 
system, Lamknuly selected and pairmaiched by age [i ? years) 
and sex: response rate. 90% 

Population-based study jjsSihui city 

Incident cases identified in a highly endemic area 

Controls were family niemlwis of die sjwuse of case; no matching 

Population-based study 

Incident case:, identified by the Shanghai canter registry , aged 
15 74 years: response rate. 84% 

Controls randomly selected from general population and 
frequency matched by sex and age (5 year groups): respimse rat:, 
96.4% 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Tnblc 2. 1.4.11. Case—control studies on tobacco 


Kef ere net? 
Country and years 
of study 

M'i •.’fat. (197j) 
China. (Province 
of Tar wan 
I960 ?j 



Lanier ei at (1980) 

USA 
f 966-76 

Mabuchi <-r nr/ (I985j 
USA 
4 years 


Smoking categories 


Ever-smoker 

Cigorcrtes/diiy 

l -ao 1 


Relative risk 


snmkiiig and n;ilia ryngeaf can ter 

95% Ci 


Men 

former smoker 

0.8 

Cigarettes.‘day 

- 10 

0.6 

10-19 

II 

2d 29 

3.2 

>30 

3.5 

Women 

Former smoker 

6.6 

C iga ret < e s/i J a y 

< |0 

1.1 

10-19 

5.0 

20-29 

7.5 

1.0 


Disci cpaiU 
pairs: 

Case/c<in(ry| 

C’asc/ccmtrol 

1.9 


Commcfiis 


Adjusted forage and area of residence 


Ycs/No 3 
No/Yes 1 


Two-sided p value 


Very small sample size; no detailed results in die 


Mntdicd-pair analysis 
Smokers tor > J year 


Tit bio 2. 1.4,1 i (in 




RvIcLvnce 

Country and years 
of study 

smoking c^tegoi 

Relative risk 

95"/., <1 

Ng(l986) 

Fvcr-smuker 

0.9 

0,0 1.4 

Hpug K.ong SAR 




1974-81 




Yu ef at. ( 1 ‘>K 6 > 

Similar cigarette 



Mong Konu SAR 

smoking habits between 



19SI 

cases and control* 



N ing et a!. ( 1990) 

Similar use of eigareff cs 


p '- 0.88 

China 

between cases and 



1981 

controls 



Yu <*t. <1990) 

tivcr-smokei- 

1 .3 


China 

Cigarettes/day 



1983-85 

1-0 

1.3 



10 19 

1.0 



20 29 

1 .7 

P c 0.05 


& 30 

4.!* 

p 0.05 


Pack-years 




— 1 4 

1.2 



15-29 

1.6 



& 30 

2.9 

p 0.05 

Nnm c/ ut. (1992) 

Men 



USA 

Pack years 



1986 

£ 30 

0.9 

0.5 -1.7 


31-59 

1.8 

1.0—3.5 


> 6(1 

3.1 

1 .6-6.1 


Adjusted !<>r sex 

The control group included n huge pniporiioo of 
8 mo king.-related cancers. 

Matched-pair analysis 


Matched-pair analysis 


Adjusted lor intake of salted fish, mouldy bean curd, 
preserved plum and tomato intake at age 10 years 


Adjusted for sex and alcohol intake 


p for Irend < 0.001 


O 


3006392191 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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<’ 'Uirttry tutd years 

ol’stutly 

Zhen^ at <tl- (1994) 

China 

19*6 


No significant association herween cigarette smoking 
ami nasopharyngeal cancer 


Yc at eti. ( 1 *><>5 ! 

C'ignrt‘1 le*/rnon( h 



Adjusted tor exposure io Hunts during cooking, iniake 

Chirta 

-- 5 vs < 

1.9 

1.1-3.4 

of various vegetables and stilted fish, Jumily history of 


Duration (years) 



crmccr and passive smoking (.hiring childhood and 


> 10 vs< 10 

1.8 

1 .01-3.2 

udullliood 


Smoking index 1 



Sniokinji index 1 : duration (years) x irilcrJs'ily 


> 25 vs £ 25 

2.1 

1.3 3 5 

(cjyarettcs.‘ , i'noulh)/ag;c m starting smoking 


Smoking index 1 



Smoking index 2: duration (VOiits )/a$«e »1 starling 


>0.5 vs SO. S 

1.9 

1.1-3.3 

smoking 

Zhu <>i ttl. (1995, 1947.1 

Kormcr smoker 

2.3 

1.3-4.0 

Adjusted lor year ol birth. cancer registry, existence of 

USA 

Current smoker 

1.4 

0.8-2-* 

home phone, education, ethnic background, growing 

1984-88 

C igu retie x/dvJy 



up in urban/suburban environment. medical history, 


1 1 <) 

1.3 

0.7—2.9 

exposure to asbestos or woodwork, and alcohol 


20-39 

I.K 

1 .0 11 

consumption. The association xvns stronger for 


£4<J 

3.8 

2 0 7.3 

sq u a mo ns -cel L carcinoma. 


Duration (years) 





£ M 

1.7 

0.9 -3.2 



15-24 

1.5 

0.8 2.8 



25- 34 

3.0 

1 6-5.6 



>35 

2.3 

1 O -5,1 



E*iick -years 





< 1 5 

1.3 

0.7 2.5 



15-29 9 

I.K 

0.9-3.4 



30-44 9 

2.5 

1.3-5.0 



X 4 5 

3.9 

2.0 7.8 



30063921 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Tntili'-M 4,tlLc 

Mltli) 



Hc&fenctf 

OtStmlry luid yearn 

of study 

^making cultigoden 

Relative risk 

95% Cl 

Cheng & a/. (1999) 
(could) 

Age ni startiup smoking 
(years! 




IV 

to 

Q 

1.4 

0.9 2.2 


< 20 

1.3 

<f8 2.0 

Armstrong w ttl 
(2(100} 

Malaysia 

1987-07 

Ever-Sinoker 
('■ 6 months) 

1.8 

0.8-4.2 

Can <2(M 10} 

Chinn 

Current smoker 

Ci garni es/d ay 

5.6 

,i.3 9.6 

] o<»K 09 

<, id 

1.0 

_ 

Vuaii oi /if (2000) 

'• id 

Men 

(S.4 

3.8-10.5 

China 

Former smoker 

1.2 

0.8 1.8 

IOH7-9! 

E; ver-smoker 

1.3 

t.0 1 - l.fi 


Current smoker 

Cigarette s/d ay 

1 .3 

1.01-1 7 


< 10 

1 .1 

0.8- 1.7 


10 IO 

1.2 

0 .Sr- 1.6 


20 2d 

l 4 

1.1-2.0 


z? .30 

Pack years 

1 .8 

1.1 3.2 


• 20 

1.2 

0.9 1 0 


70 79 

1 .3 

0.96 1.8 


> 40 

16 

t .03 -2.6 


p fiir trend - 0.1 

Adjusted for parental smoking and dientry index 
Response rule for cases \v»> too !<*^ , control group 
might be biases!. 

No mention of adjustment lor ape and sex; adjusted 
ktr family history af nnsopharjupcnl carcinoma and 
separate kitchen 

Adjusted lor ape. education, intake of preserved 
foods and oracigesAangorines, exposiirr to smoke 
from I tooted rapeseed <?if and bcimmg coat during 
cxHtking, oocupritlcmal exposure to chemical fumes, 
history of chronic eat and nose condition and family 

hi story of nasopharyngeal carcinoma 


3006392193 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.11 (c<mtd) 


Reference 
Country' and years 
of study 

Viran oi ni. (2000) 
fcoitul) 


Smoking categories 


Women 
P«*nner smoker 
Evtr-smokcr 
Current smoker 
C igarettes/day 
< 10 
10-10 
20 20 
fe.10 

Pack-years 
< 20 
20-39 
2 AO 


Relative risk 


1.4 

2.3 
r>.5 
2.9 

1.3 
0.9 
2.2 


<- ommcnis 


<1.4-3.5 
0.7-2.5 
0 6 - 2.8 

0.5—3.8 
0.5- I 1.7 
0.1 -3.0 
0.2-47.8 

0.7 2.7 
0.2- 4.2 
0.1-38.2 


2 

C 

5K 

8 


Cl. confidence interval 



years of study 


Weir«fc r>uun 
(1970) 

USA 
I 054 62 


Mel Jiughtin 
iti a/. 0995) 
USA 
1 *>54—80 


Nordlund 

*'t ut. 0997) 
Sweden 
I 963 89 


Californian Study 
08 153 men 


US Veterans' Study 
24 8 046 men 


Pharynx 
ICO; 145--148 


Pharynx 
(!CD-1 957) 


Swedish Census Study 
26 032 women 


Pharynx 
IC'D-7: 145- 


13 


Eve r-smoker 
Cigar ettes/day 
1-14 
15-25 
> 25 

Former smoker 

Ever-smoker 
Current smoker 
C i garettes/day 
1-9 
10-20 
31-39 (sic) 
>40 

Cwnuit smoker 


0.8 


1.2 

0.5 

2.6 

9.5 

14.1 

5.2 

12.6 

18.1 
37.3 


it -6.2 
4.6—19.4 

6.9- 28.9 

1.8-15.0 

6.0-26.6 

8.5-38.7 

15.9- 87.5 


NonsmOkcrs include 
cigar and/or pipe only 
smokers 


Adjusted for attained 
age anti calendar-year 
tiinc-period at death 


/» Tor trend * 0.01 

Adjusted for age ami 
place of residence 


> 

a 

O 

o 


o 

7^ 


Cl. confidence interval 


3006392194 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.M.I3. fttw-CMfrof studies on tobacco smoking and pharyngeal cancer: ^ 
characteristics of study design 



TOBACCO SMOKE 


Reference 
Country and years 
of auily 

jussawalla & 

Deshpandc(197f) 

India 

1v68 

Ciwoodtfu/. 

H9S4) 

Canada 

1977-80 


Bmgerc tid. 
(1986) 

France 

1975-82 


Tuyns el a!. (1988) 
France. Italy, Spain 
and Switzerland 
1973-80 


Franceschi er a! 
(1990) 

Italy 

1986 89 ' 


Choi & Kahyo 
(1991) 

Republic of Korea 
1986-89 


Maier <•/ al. (1994) 

(Jt*rn?a»v 

1990-91* 


Number of 
cases and 
controls 

Men and 
women. 223 

cases and 1647 
controls 

Men: 68 cases 
and 68 
controls; 
women: 19 
cases and 19 
controls 


Men: 281 
cases and 3057 
controls 


Men: 134 
cases and 127. 
controls 


Men: 133 
cases and 5 99 
controls, 
women. 19 
cas^ and 57 
controls 

Men 105 

caset anil 420 
controls 


Criteria for eligibility and comments 


Retrospective study at the Cancer Registry in Mumbai 

Cases of the oropharynx (185) and hypiipharynx (38), hiaologf^i , 

con tinned 

Controls selected among residents from the jvgistertd voters' N*-. 
matched for age. sex and religion 

Hospital-based study at a cancer referral centre in Vancouver 
Incident caws of pharyngeal cancer; 95% of identified 
participated. 

Controls wen 1 pat ion Is with cancers unrelated to smoking, alcohol 
use or occupational exposure, individually matched on dale of 
diagnosis, sex and age •{+1 years i. 

Population-bused siudy in Paris 

Cases o! otopharyngeal (634) and hypopharyngeal (366) .’anecc 
admitted to the head and neck department of the Instilut Curie; rr> 
squamous carcinomas and secondary cancers excluded 
Controls were a random subsample from a large national survci 
stratified by age. 

Population-based study in sin study areas 

Cases of cancer of the hypopharynx, histologically confirmed; 

oropharynx excluded; response rate > 80% 

Controls drawn from the general population within a sample 
stratified by age and sex: response rale. 56-75% 

Hospital-based study 

Cases of pharyngeal cancer, including the junction between 
hypopharynx and lary nx, histologically confirmed, aged < 75 yens 
response rate, 98% 

Controls were inpatients w na acute conditions unrelated to tob 
or alcohol consumption, without malignant tumours, chosen 
basis of urea of residence and age (± 5-year categories); response 
rate. 97% 

Hcspital-based study at the Cancer Center Hospital in Se»\i! 

Cases nf pharyngeal cancer, confuted histolog-aliy or 
extol ogicallv 

Controls excluded patients with other cancers or tobacco- and 
alcohol-related diseases, individually matched (3:1) or yearofbiP 
f 1 5 years) and admission date i± 3 months). 

Hospital-based study at the Department of Otorhinolaryngplug; 
Head a»d Neck Surgery (if the University of Heidelberg 
Cases of squamous ecl 1 carcinoma of the orypharvas (40), 
hvpopbsiym /U j or both (21), histologically confirmed 
Control* were outpatients without known cancer, individually 
matched (4:1) for age and residential area 




Refciffice .Number of Criteria lur eligibility and comments 

OsuTtry and yean cases and 

■.{$$ controls 

[V Stefani el of. Men: 21V Hospital-based study in four hospitals «f Montevideo 

. ■ I cases and 427 Cases of squamous-cell carcinuina of the oropharynx 11 il 

CnuiUd} 1 controls hypopharynx (97) or unspecified (11). aged 25-84 years, response 

fa 92 -% rate. 93.8% 

Controls without diseases related to tobacco and alcohol use or nun- 
neoplastic lesions of the oral cavity and pharynx, aged 25-84 years, 
frequency-matched on age, area of residence and urban; rural status: 
response rate, 91.0% 

frtfleesebi el d. Men: 364 i Jospital-basttl study in major hospitals ir> three areas 

, i# 9 i cases and 1254 Cases of oro- or hypopharyngeal cancer, histologically confirmed. 

f!d!v;c> Switzerland controls aged 32-74 years 

[2.n_97 Controls were patients with acme non-cancemus iIInesses unrelated 

to tobacco smoking or alcohol abuse, frequency-matched by age 
and area of residence. 

fa Vecchia ei a!. Men and Hospital-based study in a network of hospitals in the study areas 

(19993) women; 642 Incident cases of pharyngeal cancer, aged < 75 wars, histologically 

fc$!y& Switzerland cases; men: confirmed 

ftfM-97 306JS controls; Controls with acute, non-iwoplasiie condition! unrelined to alcohol 

women: 1111 or tobacco consuinpiiuu 


Rao et d (1999) Men. 59} HospnaS-briscd study in Mumbai 

India cases and 635 C aws of cancer of the hypopharynx 

I9S0 S4 controls Controls whh infectious diseases and benign tumours, fret from 

cancer, admitted during the same period as controls; no matching 

Sdttoht ei at. Men and Hospital-based study in three metropolitan areas 

(|°4 .' i women: 217 Incident cases of pharyngeal cancer, histologically confirmed 

3raal cases and i 578 Controls without diagnosis of ranter or mental disorder. 

19SG-89 Lontiob individually matched for sex, age and trimester of admission 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.4.14. Case—control studies oil tobacco smoking and pharyngeal cancer 


Re t'erence 

Country and years 
of study 

Cancer subsite 
ICD code 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

.fbSxawalla «$: 

Oro- anil 

Current smoker 




itesfiptiiuk' < i 97 II 

hypophn rvux 

Oropharynx 

2.3 

0.001 


India 


1 lypoplinrynx 

<1.4 

p > 0.05 


1 96H 






r.lxsood e-t of. ( l v»H4 > 

Orx'i- and 

Cigarcttcs/day 



Adjusted lor alcohol, socto-oeonouttc 

C ; triad a 

hypuphnrynx 

i -9 

0.5 


group, marital status, dental cure rind 

1 977 HO 

1C O-O: 146. 

10 19 

1.2 


history of tuberculosis 


14X. I4M 

20-2<> 

] .3 





£30 

1.5 


p for trend ^ 0.05 

Brujierc ft uL { l 4 >K61 

Oro- and 

Oropharynx 



Adjusted for alcohol use 

France 

hypophnrynx 

Tobacco''day (g| 



t-igld smokers were included in re fere 

1975.x 2 

K’n-8; ) 46. 

0-9 

1.0 

- 

group- 


148 

JO Id 

4.0 

2.4 6.5 




20-20 

7.6 

4.8 -12.1 




£ 30 

15.2 

‘>..1- 24.0 




Hypoplutrynx 






Tobacco/<lay 






0-9 

1.0 

- 




10-19 

7.1 

3.1 15.8 




20 29 

12.6 

5.8 27.4 




> 10 

35.! 

16.2 75.0 


Tnyns ft at. <.1988) 

|-iypOplv'r-T)x 

Cigarette s/duy 



Adjusted for u;e, place, a). . Vlacc 

l ; ranee, Italy, Spain 

1C 13-9: l li.CJ, 

1-7 

5.5 

2.0- is 1 

interaction and alcohol use 

and Switzerland 

148.1, 148.3, 

8-15 

13.7 

5.4 -34 5 


1*173-80 

149.8 

16-23 

J8.0 

7.7- *44 ,V 




-- xo 

20.0 

5 J O 





table 2.M.I4 (eontd) 


Re fore t ice 

Country and years 
of study 

Cancer subsiic 
ICH code 

Smoking categories 

Relative 

risk 

95% Cl 

C'Mvmrienls 

. Fra nee sc hi of. 

[•haryii 

Current smoker 

12.9 

3.1 52.9 

Adjusted for age, area of residence, years 

(.1990) 

junction 

Cigurettcs'day 



of education, occupation atnl alcohol use 

Italy 

between 

•5 14 

8.0 

1.9-34.5 


1 1 >86 89 

hvpophnrynx 

1 5-24 

14.2 

3.4 .SO.3 



anti larynx 

£25 

> 7.0 

4.1- 74.7 

P for trend - (1.01 


ICP-9: 146. 

IXiration t years) 





14K. 16 1.1 

1-24 

6-4 

1 .5-27.4 




30-39 

15.5 

3 .6- 66.7 




£ 40 

25 S 

6.0 [00.0 

p lor trend - 0.(11 



Age at starting smoking 






(years) 






£ 25 

7.9 

1.7 36.1 




17-24 

12.8 

3.1 5.1.2 




< 17 

16.0 

3.8 67.5 

p for trend - 0.01 



Years since quitting 






<: id 

II. 3 

2.6 49.4 




5: JO 

3.“ 

0.8 18.0 

p fortreml - (».<U 

Choi & KLahyo 

Phannx 

Men 



Adjusted far alcohol use 

U 99 1 i 

ICP-CJ: 146 

Former smoker 

0-9 

0.3-2.» 


Republic of Korea 

140 

Current smoker 

! .6 

0.9. l.| 


1 986 


C-igarettejs/itay 






1 -20 

1.3 

0.7 2.5 




2 1 40 

2.4 

l.l 4.9 




£4 I 

2 9 

1 a 4.3 




Duration (years) 






1-19 

1.7 

0.5 -2.7 




20 3 9 

1.2 

0 8 2.S 




£ 40 

2.4 

J 7 





3006392196 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Taihlc 2.1.4.14 (con td) 


Rflcrcriet C'nneev subsitir Smoking categories 

Country amt years IC’L» codt 

of study 


Rdfltivc 95% Cl Comments 

risk 


Choi it Kahyo 

(1991) 

(cor ltd) 


Miiicr til. < 1-994) 

Clcnuany 
i 990-91 


Ore*- and 
hypo plwrynx 


Aye til stalling Smoking 
(years') 


^ 25 

1.03 

0.5 -2.4 

18-24 

J .7 

0.9 3.1 

< 17 

2.6 

1.2 -5.9 

Years since quitting 

Current smoker 

1.0 


1 —4 

O 1 

0,(1 0.7 

5 -9 

1.1 

0 4 2.9 

£ 10 

0.5 

0. 1 f .6 

Women 

Current smoker 

0.98 

0.2-4.1 

Cigureilcs/diiy 

1 -20 

1.2 

0.3 5.0 

2 1 40 

0.7 

0.1 -7.9 

duration (years) 

I 10 

0.9 

0.2 5.3 

2.0-3 Q 

0.9 

0.1-41.1 

Age at stalling smoking 
(years) 

>7.5 

O.'lK 

0.2 -4.1 

Tobacco -years 

< s 

1.0 


5-< 20 

4.5 

1.2- f 7.3 

2(J-<40 

6. J 

1.9-1 #.7 

40-60 

9.5 

2.5-35.4 


Adjusted for ulcohnf use 

Unify consumption of 20 oigarelles or 

4 cigars or 5 pipes for 1 year 

p for trend ^ 0.0001 


Til hie 2.1.4.14 (could) 


Reference 

Country and years 

of study 

Cancer subsilc 
ICO code 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

De Stelani a al. 

tiro- -it nt 

F ormer smoker 

4.3 

2.2- H.3 

Adjusted lor age. resilience, urban/rural 


hyp opfwyn * • 

b'ver-smoker 

7.5 

4.1- 1 3.6 

status, birthplace, education and total 

Uruguay 

pharynx 

Current smoker 

10.2 

5.5-1 8 S 

alcohol consumption 

1 <K17 96 

unspecified 

C ijiiircttes / ’dav 






i f 4 

3 6 

1.8 7 1 




1 5 -7A 

7.8 

4.114,9 




>25 

1 7.2 

6 4 23 3 




Ou rut ion (years 1 






1 30 

6.2 

2 9 12.8 




40 49 

K.3 

4.3 15.9 




> 50 

7.5 

3.9-14.4 




I’sick-years 






1-28 

3.5 

l .7-7 <l 




29-47 

8.0 

4.5-17.6 




48-76 

<i.7 

3 4 1 3.2 




S: 77 

13 3 

6.7-26.2 




Years since quitting 






5-4 

5.«.J 

2.7-12.8 




5-9 

5 1 

2.2 12.0 




> 10 

7 1 

0.8—5,6 




1‘ype c*f tobacco 






Mainly blond 

4.4 

2.4 k.l 




Mainly blnOk 

17.8 

9.2—34.1 




Hand-rolling 






Only manufactured 

4.3 

2.2 8.5 




Mixed 

2.7 

1.3 5 8 




Only rolled 

L ^.7 

7.3- 2.5.5 



3006392197 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4,14 (coutri) 


K uftraice 

Country- *in<i years 
of study 

Cancer suhsiie 
K‘[> code 

Smoking categories 

Relative 
j i tth 

*)>% O 

Com men is 

l>e Slofriin ni 


l*'i iter use 




( I99R) 


Only llltcr 

1.3 

0.3 -5 .2 


(coned) 


Mixed 

4.0 

2. : 7.X 




Only plain 

1 1.3 

A.) 20 > 




Smoking paliem 






IJkmii ^ mitmilacrincd 

3.4 

1.7-6.8 




Mloifd •» J»,'n id-rolled 

5.1 

2.7 -9.ft 




If lack f manufactured 

9.2 

3 4 -25 .0 




Hlack « hand-sol led 

20.0 

l O 5 -40 0 


i>«nc<mchi er 

Pharynx 

Ci ga reitos/day 



Adjusted for area of resilience. 

(IW, 


l 14 

7.? 

3.3 -16.3 

interviewer. age, education. veaciaWe 

It.ils iW Swiiycrland 


15-24 

14.7 

7.0 30.8 

mid friiii intake. lolitl energy intake 

l*>02 97 


2 25 1 ' 

19.3 

X. 8-42.4 

and alcohol drinking 






'Sinokeiv of cigars and/or pipes Mere 






included. 

I .a Vcci'hia oi ai 

Pharynx 

Current smoker 

13.5 

‘>.1 l<».8 

Adjusted for age. sex. study centre. 

( 1999a ) 


Years Since quitting 



education and alcohol drinking 

ftiifv «£i .Swic^erfamf 


[-2 

93* 

5.6 17.. 5 


1984 -07 


1-5 

6.3 

3.6-U.O 




<> 4 

4.X 

7** -8.4 




10—1.4 

3.2 

1 -5.7 




2 15 

2.9 

1.7-4.8 




Tabic 2.1.4.14 fcontd) 


Reference 

Cum my and years 
of sltidy 

Cancel - siihsitc 

ICD code 

Smoking categories 

Relative 

risk 

Ruo ft ■i.tl I 1 i 

M ypopV larynx 

Cigarette smoker 

0.8 

India 

ten-d' 148 0. 



l980-84 

148.1. UK/) 



Sch led it ft ai. 

Pharynx 

Current smoker 

5.9 

(IW9) 

1C 13-9: 146 

Pack—years 


Rrsiy.il 

149 

1-20 

5.4 

1986-89 


2 1 -40 

5.7 



•> 40 

7.5 



Years tt it icc quilling 




5 

2 f> 



6-10 

1 .2 



f 1- 1 5 

1.4 



> :5 

0 9 


O. <xvi lideuct; (dlervjt 


9?«R. CJ 

C«imiicms 


0.5 1.4 

Adjusted for Age and residence 



In the study area. cigarette smoking is 

—H 


rmt as Common us bidi smoking. 

o 

or 

2.2 1 ? .3 

Adjusted !<»r sex, study location. 

> 

o 


ndmission period and alcfvlml 

o 

1.4 i S5 

consumption 

© 

t/1 

1 .9-16.4 


2 : 

2.4 253.6 


© 






m 

O S-8.5 



0.2-7.0 



<1 .2 • *'».4S 



<1.1-3.5 





Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2 . 1 . 4 . 15 . Cotiori nludicsi on tohnirco SEiuiking and oesophageal cancer (unspecified') 


Reference Siihjocis SnK!kiii|[ caiujiiirios Numher llvkilive rislt Comments* 

Couni ry and of'crises 

years of study 


Weir & Dunn 

Californian Siudj 


32 


(1970) 

<>►*151 men 

.Ever-smoker 


1.8 

USA 


Ci yarettes'diiy 



1954 r.2 


1-14 


1.3 



15 25 


1 .7 



25 


1.8 

Doll at at 

Hritish Doc tors' Sd.nl y 


2 

Mortality rate 

(198(1) 

ft I 94 women 

Non smoker 


O 

UK 


Former simmer 


8 

1951—23 


Ci gate lies'day 



(see also Doll 


1 ! 4 


4 

<rt uT.. IW) 


15 24 


U 



> 25 


O 


Noitsmokcm incltuk* 
and An pipe <>nJv smokers 


Annual mttr!;ili(y iak- for 
l (IO OOP women 


Hammond At. 
Seid man 
<I9S0> 

USA 

1959-72 

Cancer Prevention 
Study 1 

1 051 038 tichilu 

Regular suuikei 

Mortality nnin 
4.0 




Kono i’t at, 

Japao 

1943~ft3 

Japanese Physicians 
Study 

5477 men 

CigaretlcsAiay 

1-19 
> 20 

0.5 

2 . a 

1-3.2 

U.5-9.2 

Adjusted lor ce and 
alcohol drinkiog 


; •: i _ | 

r i- ■ 

l.v 


' i -,r; -i 

;; .... 




■f" 


i 






Table 2.1,4.15 (conIxl) 


RcIltoicc 
C otoury and 

years of Study 

Subjects 

Smoking categories 

Number 
of cu»cs 

Relative risk 

95% Cf 

f'timmeiHs 

Akib.ii Sc 

Six-pre fortune Study 

Current smoker 

314 

2 2 

16 3 0 

Du ta si ratified by 

Hirayama 

265 l IH( 122 261 men 

CigarciiesAlny 




prefecture, occopal ton, 

(199(1) 

and 142 857 winner [ 

\ -4 

3 

<19 

0 2 -2.5 

nil timed age and 

Japan 


5-14 

127 

2 O 

1 4 2 K 

oliscrviitiuii jtericHl 

1965-81 


15-24 

164 

2.4 

J .7 -1.3 


(see Kiujo 


25-34 

1 3 

2.1 

1.1 3.8 


at at .I99P) 


fe 35 

7 

2 5 

1 « 5.2 


K ill ler at at 

MR PIT Study 



Morin!ii> rate 


Ainiiml mortality rate per 

K 1 S>9 1 ) 

12 866 men 

Non- and former mnoker 

7 3 

3.) 


10 OOO men 

USA 


Tigiiretifs/ttiy 




Relative risk adjusted for 

1975 85 


115 

[5 

5.6 


apt*, diastolic blood 



16-2 5 

29 

6.7 


pressure, senitu cholesterol 



26 35 

1 7 

6.3 


level. raee (hkn:kstH>n- 



36-4? 

18 

8.2 


Muck) 



>46 

1 2 

15.9 







ftelnlivf risk 





Current <Tnukei 


2.4 

fi <■ 0 (10(11 


Tom it a at «//. 

3 7 646 men 



M-onaPiiy I’itte 


Annual muriality rate per 

( 199 [ > 


Nonsmoker 

1 

0.2 


100 OCIO men, The uiitlxu*. 

Japan 


C igarc nca/day 




did n«»i state whether the 

J975-H5 


J )4 

1 

0.5 


mortality rates hat) been 



1 5-24 

It) 

l.l 


adjusted for age. 



2 5 34 

4 

n. i 





or 

2 

O 

'7 r - 

t-ri 


3006392199 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 2.1.4.15 (contd) 



Reference 
Country and 
years of study 


Sutljtrcls Smoking categories Numho RcJalivc risk 

of cases 


<15% Cl 


Continents 


A kt! ja (1994 ) 

Japan 

1968-87 

Doll etttt. 
0994) 

UK 

1951-91 
(see also Doll 
etui., 1980) 


C7uo at ttf 
(1994) 

China 
I 985-9 f 


Life Span Study 

<5 I 505 survivors 


British Doctors' Study 
30 440 men 


Ljn.Viuri Intervention 
Trial Study 
29 584 residents 


I 0.1 

Former smoker 
Current smoker 

172 

Non smoker 
former smoker ' 

CurreMl smoker 
C tgareLtesAl ay 
1-14 
15-24 
S 25 


Evcr-smoker 150 

Cigarettes/day* 

< 10 “ *5 

10-14 tff, 

* 20 60 

Duration (years J 

< 20 

20-39 ]45 

2: 40 7 ;, 

Pack-years 4 

*- 10 54 

I <1-19 84 

20-29 43 

*30 ISO 


2 .R 

1.3-6.3 

3.3 

1 .1— 


Mortality rate 
4 


*9 


30 


( 7 


33 


45 


J -6 

i. 2 - 2.2 

IX 

1 .3-2.6 

1.8 

1.3-2.5 

19 

v 3-2.8 

1.2 

a. 7~2.o 

l.fi 

] .3—2.5 

2.i 

1.4-3 f 

1.5 

1 . 0 - 2.2 

A 

1.5-3.1 

1.6 

1 - 0 - 2 .4 

2.0 

1 .4—3,(1. 


1 <-Ip|>er limit could noi.be 

oh Mined. | 

Annual mortal ity race f<»r 
IOO 000 men 


Adjusted for cancer history 
in first-degree relatives 
Tobacco smoked in piper 

was converted to cigarette 
equivalent (.2 g tobacco •" 
0.8 cigarette). 


ft tor trend < 0.0 J 



l'ahle 2.1.4.15 (contd) 


Reference Subjects 

Country and 
years of study 

Quo et eft. 

(1994) (could) 


McLaughlin US Veterans* Study 

ci at. (1995) 248 046 men 

USA 

1954-80 


Yuan trf af 

(1996) 
China 
1996-96 
Chen at at. 

1997> 
CZtiua 
1972-93 


Slunghui Men’s Study 
IB 244 men 


Shanghai factory 
Sui d> 

6494 men 


Smoking categories 


Years since quitting 
Current smoker 

< a 
a 3 

Fortner smoker 
Fiver-smoker 
Current smoker 

Cigarettes/day 
1-9 
19-20 
31-39 [sic) 

£ 40 

£ver-stnoker 
Cigarotics/dny 
< 20 
£ 20 


Ever-Ktnoker 
Ci ga re HcsAlay 

1-19 
> 20 


Number Relative risk 95% Cl Comments 

of cases 



1.0 

— 



II 

fl.6-2? 



0.5 

0.2-1.2 


318 

1.5 

1.0—2.2 

Adjusted for attained age 
and calendar-year time- 


3.0 

2.3-4. t 

period at death 


4.1 

3.0 5.6 



1.4 

0.7-2-7 



3.3 

2.4—4.7 



6.7 

4.7-9.4 



6.1 

3.5-10.7 

p for trend -=.0.01 

24 

1.4 

P > 0.05 

Adjusted for age and 
plcattol consumption 


1-0 

p ■> 0.05 



1-7 

P > <1.05 


29 

3.6 

p < 0 05 

Adjusted forage, systolic 
blood p I't’Rsiirc. scrum 
cholesterol level sod 


2.R 

p >0.05 

regular alcohol drinking 


4,<» 

/j< <MH 

(yes/«u>) 

p for trend 0.(M)9 




O 

CC 

> 

§ 

EX3 

ST 

o 

£ 




3006392200 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



T;ible 2.1-4.15 (coiifd) 





-XV»v.; ►**.*«-*• ■ ■**1 


Reference Subjects Smoking categories Number Relative risk ‘>5% Cl Comments 

Country and 0 f cases 

years of study 


Um e* at. 

Xi’an Factory Study 

Ever-smokcr 

12 

(IW7) 

China 

1976-96 

1 1 24 men 



Nondlund 

Swedish Census Study 


7.5 

€7 <d. (1997) 

26 032 women 

Former smoker 


Sweden 

1 963-X9 


Current smoker 


Tultiirus t J i td. 

Reykjavik Study 

Former smoker 


(1997) 

1 1 366 men 

Cigarettcs/day 


Iceland 


1-14 


I9G8-95 


1 5-24 
> 25 


Kinjo ft at. 

Six-prefecture Study 

Men 

328 

(1998) 

220 272 adults 

Former Smoker 

12 

Japan 

(H.)0 840 men and 

Cigareites/dav 


t966-SI 

119 432 women) 

1-14 

117 

(see also 


£ 15 

163 

Akiba & 


Women 

■ 12 

Hiraynma, 


1—14 cigarettes/day 

19 

\ 990) 


Men and wanicti 

I'omjof smoker 

Cteiirctrcs'day 




1- 14 






—JjL 



.. 

. ..a- 

-f jt 

■. .» 


4.3 

0.9- 19.9 

Adjusted forage, marital 
status, occupation, 
education, diastolic blood 
pressure and triglyceride 
and tutu,) eholcMcrvjl levels 
Adjusted for age and place 

3.6 

0-8-16.0 

<> f resilience 

l .7 

0.5-5.3 


2.0 

0.6-66 

Adjusted for uge 

3.6 

1.01—12.8 


4.1 

1.2-14.1 


1 .5 

0.2-13.2 

Adjusted for age. area of 

1.9 

0.9-3.6 

residence and occupation 

2.3 

15-3.3 


2.7 

1.8-3 8 

p for trend * 0.001 

1.8 

1.1-3.0 

Further adjusted for sen, 

1.5 

(1.8—2.8 

green and yellow vegetable 


, ,2, .L ..J. i« 4 u» 

f 


Table 2.1.4.15 (contd) 


Reference 
Country Jmd 
years of study 

Subject^ 

Smoking categories 

Number 
of cases 

Relative risk 

95% Cl 

Comments 

L.iaw &. Chen 

Taiwanese Study 


26 



Adjusted for age and 

(1998) 

11 096 men.. 

Current smoker 


1.0 

0.4—2-6 

alcohol drinking 

China. 

3301 women 

Duration (years) 





Province of 


2 1 -.30 


2.4 

0.7-8.9 


Taiwan 


>30 


1.3 

0.5-3.4 


l982-94 


Pack—years 







< 20 


0.4 

0 .1-2.1 




20—40 


2.1 

0.8-5.9 




> 40 


1.2 

0.4—4, ] 




Age at starting smoking 







(vears) 







>24 


l.l 

0.3-4.0 




21-24 


1.5 

0.4-5.3 




£20 


1.3 

0.5-3 .6 


Gao et <r/. 

Shanghai Residential 

Ever-smoker 




Adjusted for age 

(1999) 

Study 

Urban men 


2.6'* 

f > < 0.05 

Significant linear trend 

China 

213 800 residents 

Suburban mt'it 


3.3* 

P c 0.05 

<j> <i 0.05) for: 

1983-94 


Rural men 


IS'* 

p < 0.05 

T , intensify a ( smoking 



Urban women 


1.9 

p > 0.05 

f, ;tgc at starting smoking 


CI. confidence interval 


3006392201 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.16. Casc^untrol studies on tobacco smoking and oesophageal cancer (n, h 
specified) or squamous-cull carcinoma of the oesophagus: main characteristics of sludr 
design 


Reference Number of caScs 

Coumry and and controls 

years of study 


Criteria for eligibility and comments 


Victors eiul. 
(I9S?) 

Brazil 

1985-86 


Brown eJ at. 
(!9^8> 

USA 

1977-84 


Naiachi cl at. 
(198R) 

Japan 
1973 -#5 


Yu ft ul. 
(1988) 
USA 
I975-?I 


Ferrarom et jf. 
(1989) 

Italy 

myn 


Li cial. (3989) 

China 

1984-85 


Mqi: 135 cases and 
270 controls; 
women: 36 cases 
and 72 controls 


Men: 74 cases and 
157 controls 


Men: 133 deaths and 
265 controls 


Men: 257 cases aw 
257 umtiuls, 
women: 86 rases 
and 86 controls ' 


Men; J 87 Cases And 
187 controls; 
women; S8 rases 
and 8? controls 


Mai: 162 eases and 
1334 cociirols; 
women: 47 eases 
and 610 controls 


Men: “58 cases ?nd 
789 controls: 
wumen: 486 uw* 
and 525 controls 


Hospital-based Study in eight main hospitals m southern Brazil 
Cases of Histologically con finned squamous-cell carcinoma of ihe 
oesophagus aged < 80 years; 90% of eligible cases 
Controls without disease related to alcohol or tobacco use, or upper 
gastrointestinal tract diseases, individually matched (2:1) by hospital ,in 
(± 5 yean) and sex 

HospM-baval incidence study combined with mortality study 
Incident cases of oesophageal cancer {NOS J idenufred at four hospf. - 
in Charleston {R5% squamous-cell carcinoma), aged 579 yews; 85% f 
eligible cases paitici paled 

Control* individually matched (2: l) on race, age (± 5 yean;), bespits) *v] 
admission peuod, response rate, 95%; only controls without alcohol- r 
diet-related conditions or diagnosis of mental disorder were included 
Molality series: deaths from oesophageal cancer (NOS) ai age 

< 79 years 

Controls randomly selected and individually matched (71) by race, j r .-. 
area of residence and year of death 

Cases with diagnoses and deaths with causes relaied to alcohol and'or 
diet excluded; response rate fur deaths and controls combined. 94% 

Pupulaiion-basod sntdy in the SaHama prefsriurt: using iiM^viecss 
Cases were deaths from oesopliagrai cancer (NOS); pamcipai:'nut 
54% 

Controls wlcctd from electoral roll and individually matched on sc*, 
age (i 2 years) and neighbourhood; about 60% of first chosen cnntn.l, 
participated. 

Population based study in Los Angeles County 
Incident cases of histologically con finned oesophageal cancer (88% 
squamous-cell carcinoma), identified through the local Cancef 
Surveillance Program, aged 2(3 64 years, mean. 56.5 yearn; 56% ff 
eligible cases 

Neighbourhood cutiliuls individually nuiUivd on sex, age and racc;^ ’ ■ 
of controls w ere the first or the second eligible neighbour 

Hospital-based study in four liu^piuls in Milan 

Cases of oesophageal cancer (NOS), Confirmed histologically, age*. 1 

< 75 year* 

Controls with traumatic, non-lrdumalic orthopaedic and acute aifgi- i 
conditions and car, raoe, throat, skin and denial disorders: mfliignao 
iunumra, digestive tract disorders or coffee-, alcohol- or tobacco-reL.^ 
cunditiunj were excluded; median age, 56 years 

Population-based study among residents of Linxian Coumy ustng 
interviews 

Ca*es nl cancer of the ovsophagea [-gastric junction {mostly sqi 1! 
cell carcinoma) or gusii-ic cardia (mostly adenocarcinoma), agsti ' 

years, identified ftwn all hospitals in the comty; 98% of eligible - 
Controls wiltat canca, randomly selected Iron popaiatjonmjd^'i.vl'li 
msickd (id age and set; aged 25-fl ygi-j; participation rate, I 1 - 11 ' - 
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1 able 2-1.4.16 (contd) 


l: ertnte 

Number of cases 

Criteria fur eligibility and comments 

s \. try and 

i; rsofsudy 

and controls 


VMtUiL 

Mcnr 503 rases and 

H03pica!-based study ai die Tata Memorial Hospital 


634 controls 

Cases with oesophageal cancer (NOS) 

lad* 


Controls without cancer or infceluws diseases 

jv y. N 

Men: 199 cays and 

Hospital-based study in four main hospitals in Montevideo 

itm) 

398 controls; 

Cases of squamous-cell carcinoma of the oesophagus, response rale, 92% 

liV.jjf 

worm®: 62 cases 

Controls without diagnosis of tobacco and/or aJcohol-relsted disease 

58 

and 124 controls 

and htdividijaUy matched (2:1) by acc (± 5 years), sex and hospital 

i • nicschi 

Men: 288 casts and 

Hospital-based study ta two areas of northern Italy 


1272 controls 

Cases ufhistoluspcidly confimted oesophageal cancer (NOS), aged 



< 75 years; response rate, 98% 

:3 ‘64$ 


Controls with traumatic or non-traumahe orthopaedic conditions, acute 
conditions, eye disorders and other illnesses unrelated to tobacco and 
alcohol consumption, matched by area of residence, hospital and age; =.-*. 
response rate, 97% ^ ' 

^Lransray- 

267 cases (207 men 

Hospital-based study at the Regional Cancer Centre of fnvandnim \ 

r st c-'tf/. 

and 60 women) and 

Cases of oesophageal cancer (NOS) continued by histology (67%) or \ 

:IW1) 

895 controls (546 

radiology (33%); 100% of eligible cases pHtiicifated. 

India 

mat and 349 

Controls included 271 patients diagiused with cOnditsuns other than 

N>)-$4 

women) 

cancer or ^ecancerous lesions and 624 patients selected from druse 
atteading a teaching hospital with diagitoses of acute respiratory, 



gastrointestinal and genitounnaiy infections [no matching] 

l 's'letal. 

Men: 345 cases and 

Hospilal-basd study in four general hospitals in Hong Knag using 

t/»2) 

1378 controls; 

interviews 

IhmgKwjg 

women: 55 cases 

Cases of histologically confirmed oesophageal cancer (85% squamous- 

V'iR 

and 220 controls 

cell carcinoma); $6.8% of all cases participated. 

S&MH) 


Controls individually matched (4:1) by sex and age: 2 controls admitted 
to the same surgical departments, patients with tobacco- or alcohol- 
ivlaied cancers were excluded; 2 controls selected from private or general 
practice clinics in the area where cast was crigniafly referred to the 
physician, response rate, 95% 

''■'■xiiial. 

Men: 244 cases and 

Hospitat-hased study in several major hospitals in the greater Milan area 

v^l 

901 cwiUuls. 

Cases of lit stylugica.il v ewdinned ucwphageal unco (NOS), aged 2*7- 

u. 

women: 56 case? 

74 years; median, 60 years 

!*'f40 

and 302 controls 

Controls admitted for traumatic or non-iraunuuic orthi^tacdic conditions, 
acute surgical diseases and various oilier diseases; pahents with cancer or 
digestive diseases, and diseases related to alcohol or tobacco 
consumption excluded, aged 25-74 years; median, 55yeais 


Men: 204 eases and 

Population-based study in two major cancer hospitals in two areas 

'■>-•21 

241 controls; 

Cases of oesophageal cancer (mostly squamuus-cdl carcinomas), aged 

• t tr.c 

women; 122 cases 

30-87 years (13-20% of all cases); response rate 90% 


and 155 controls 

Controls selected from the population and frequency-matched on gender. 







Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.16 (could) 




T ,tlf 2.1.4.16 (contd) 

Reference 

Number of cases 

Criteria for eligibility and comments 




Number of cases 

Comuryand 

snd Controls 




iVu?** 4 . 

aidccnfrols 

years of study 







Kahftftffl/. 

Mere 136 cases and 

Hospital-based study in 28 hospitals in 8 US cities 

1 


'2/.; Ai 

Men: 99 cares and 

(1993) 

4544 controls; 

Cases of histologically confirmed squamous-cell carcinoma oftbi 

_ ;! 


,*•« -«> 

2238 controls 

USA 

women: 78 cases 

oesophagus 

•; ’i 


• • f' ■* ' 


1981-90 

add 2228 controls 

Controls included patimls with cancers of breast endometrium, ov&- 



;g^S5 




prostate and skrn, leukaemias, lymphomas and sarcomas and nutK -.r-j . 

j 






diagnosis, individually matched on age (+ 5 years), sex, race smf h. j| _ 

. "i 


vjtief-n rt**" 

Men: W cases and 

Brown el ui. 

Men: 124 white and . 

Population-based study in three areas 

: : • 1 


,!*5t 

506 controls: 

(1994a) 

249 black casts, and 

Casts of histologically confirmed squamous-cdl carcinoma of the 

i 



women; 42-caso 

USA 

750 white and 614 

oesophagus, aged 30-79 years; response rare, 68% 

■>;- J 


•&> 

ajid 21^? coclrols 

1986-89 

black controls 

Controls selected by tandem digit dialling and random sampling 

-.••1 






Medicare recipients, frequency-matched on race and age; rasper 







78% and 82% for whites and blacks, respectively 




Men: 826 cases and 

Gao & ai. 

Men: 624 cases; 

Population-based study in permanent residents of urban Shangfs. 



• (!>»- 

3007 controls; 

(1994) 

women: 278 cases; 

Cases of oesophageal cancer (NOS), aged 30-74 years 




women: 55 cases 

Ctona 

1552 controls 

Controls randomly selected fom the general population and frequo.^ • 



‘ [**-'* 

and 2231 controls 

1990-93 


matched on sex and age (5-year categories) within a larger casc-vcoiy 







study 

1 

•"J 



r~ .... 

Kanaoka eiai. 

Men; 141 cases and 

Hospital-based study in seven university clinics 




r-j 

(1994) 

141 controls 

Cases of histologically eoafirroed oesophageal cancer (NOS), «gd 

.•j 


Ji\ l! 1 1 : l si- 

Men: 22 cases m3 

Japan 


<85 years 

' \ 



79 controls, women: 

1989-91 


Controls selected from patients with diseases supposedly unreined c 



[j! . 

18 cases and 72 



alcohol or tobacco use; 54% cancer of the stomach, colon or rectum a*! 

J 


lV)v; 

controls 



18% benign gastrointestinal conditions, individually matched (1:1 • i-v 

t 






age(± 3 yean), sex, hospital and area of residence 

•1 
■ i 




Hu etai. 

Men: 170 cases; and 

Hospital-based study at five major hospitals m north-eastern Cfei^ 

. t 

. i 




(1994) China 

3*^0 controls; 

Cases ofhistologicaily confirmed oesophageal cancer (NOS); HHr, of • 




Men: 176 cases and 

1985 89 

women; 26 cases 

eligible cases 




555 conuotc 


and 52 controls 

Controls without cancer or oesophageal diseases, individually HJa- ,L d . 



1 

wonieii. 45 cases 



(2:1) by sex. age (i 5 years), hospilal and area of residence 

j 



and UO controls 

Chen et al 

Men: 117 cases and 

Population-based study in Shichuan Province 





(1995) 

234 controls: 

Incident cases of oesophageal cancer (NOS) registered in Jiniaiif .uni;., 





China 

women: 31 cases 

aged 26-88 years (mean, 6! .5 years) 

j 




1990-92 

and 62 controls 

Healthy controls from neighbourhood, individually matched (2:11 ^ tgt 

. i 


. L*-a. ^ l • .fl. 

Mm: 208 cases and 



|± 5 years), sex and residence 



} H«“i 

399 controls 

Cheng ei ai. 

Men: 30 cases and 

Hcsp itsbbased study in four general hospitals: cases and contfl ■ “ • 



. Fracu 


\m) 

279 controls; 

abstainers from alcohol. 



Vti- <M 


Hong Kong 

wunicii; 23 cases 

Cases of histologically coofimid wsophagral cancer (NOS) 

i 




$A k 

and 128 controls 

Controls not maicbsd to «*£«; paiisjnts with diabetes nwllitus -*l 



.. & 

Men (7tHW%) and 

19S9-90 


alcohol- and tobacco-related conditions excluded 




women: J79wats 







and 776 oonlrols 

Kolon eitii 

Men: 110 cases and 

Hospital-based study in all medical facilities of Asc u' i&i 

• J 


BfV!:, 


(1995) 

318 controls; 

Cases of oesophageal cancer (NOS) diagnosed by cytology, fli ‘-“MS 



; 4 ft 


Paraguay 

women: 21 cases 

and rad iology, aged <75 yean; 100% of eligible cases 

j 




1988 91 

nod 65 controls 

Controls with cancers thought not to be associated with smoking •" 

i 


\r.' : •r 




alcohol (skin, prosrate, leukemia, lymphomas) -and benign 







individually matched (3:1) by sex and age (i5 years), hospitaltf-J 







admission period; 97% participation rate 

-J 
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Criteria for eligibility and comments 


Hospital- and papulation-based study in Montreal 

Cases of cancers of the oesophagus (NOS)* wafirraed histologji'aJlv, 

aged 35-70 years 

Controls: 533 population-based, selected fora electoral list stratified by 
age; participation rate, 72%; 1705 patients with all other cancels 

Population-based study in western Washington hate 
Cases of histologically confirmed squamous-cell carcinoma of the 
oesophagus, identified by the local Cancer Surveillance System; response 
rate, 83% 

Controls identified by random-digit dialling and frequency-matched on 
age and sex; response rate, 80% 

Hospital-based study m Bulawayo using interviews 
incident cases of oesophageal cancer registered by the local cancer 
registry; 86% con finned histologically, of w hom 90% had squamous-cell 
carcmoina; mean age. 55.7 years; 73% of all cases participated 
Controls with all whet was unrelated ro alcohol or tobacco 
consumption; response rate, 71% 


Hospital-based study in major hospitals in Milan, restricted to abstainers 
from alcohd 

Incident caa« of oesophageal waver (NOS), aged 76-74 years; 97% of 
eligible cases 

Controlsui'thoot malignant, digestive or metabolic diseases or diseases 
know or suspected to be related to alcohol or tobacco consumption; 
97%of eligible controls 

Population-based study in three areas 

Cases of histologically confirmed squamous-cell carcinoma of the 

oesophagus, identified Ihrough population-based tumour registries, aged 

50-79 years; 74% of eligible eases 

Controls identified by random-digit dialling or random sampling of 

Health Care Financing Administration rosiws, frequency matched by 

area, age, sex and/or race, depending on study centre; response rate, 70% 

Hospital-based study in three university hospitals 

Cases of histologically confirmed squamous-cell carcinoma of the 

oesophagus, flged < 85 years 

Controls with ostcuarthritis. lumbago, sciatica or eye conditions; trauma 

patients excluded; matched on age and hospital 

Pooled analysis of five Imspiwl-bosvd studies in over 30 hospitals and 

clinics; study restricted to abstainers From alcohol 

Cases nf qiumrx&ceti carcinoma of the oewiphugm; response rates. 

90 - 99 % 

Controls with diseases unrelated to alcohol or tobacco use. individually 
matched (2:1 or 3:l)on age (± 5 years), sex. hospilal aid residence 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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2 Reference 

Number of cases 

3 CcHijury jihI 

and controls 

K • years of study 


Castelbaguc 

Men (76-84%) and 

j tfalllW) 

women; 830 cases 

Argentina, 

and 1779 controls 

Ori«il. 


Paraguay, 


Uruguay 


>985-92 


La Veechia 

Men: 22 cases and 

CM/.(l9«b) 

79 controls; women: 

Italy 

! 8 cases and 72 

1984-92 

controls 

i Sheiie/a/, 

Men; 307 cases and 

(1999) 

307 controls; 

China 

women: 242 cases 

1994-95 

and 242 controls 

Lagergren 

Men; 120 cases; 

cl ol. (2001)) 

women; 47 cases; 

Sweden 

820 cwdrois 

1995-97 


Lu et al. 

Men: 198 cases and 

(20001 

198 controls; 

China 

women: 154 cases 

1995-% 

and 154 controls 

Zambon eld 

Men: 275 cases and 

(20013) 

593 controls 

Italy 


1992-97 


fact Hi- 

Men: 267 cases and 

Norman el at. 

804 controls; 

(2002) 

women; 138 cases 

South Africa 

and 1370 controls 

1995-99 



Criteria for eligibility and comments 


Pooled analysis of five hospital-based studies in over 30 hospitals ^ 
clinics 

Cases of squamous-cell carcinoma of the oesophagus; response rates 
911-99% " ^ 

Controls with diseases unrelated to atirohulor tobacco, individually 
matched (2:1 or 3:1) by age (± 5 years), sex, hospital, admission period 
and residence 

Pooled analysis of two hospital-based studies in two regions in Jionhon 
Italy; study restricted to abstainers from alcohol 
Incident cases of histologically coifimied Oesophageal cancer (NOS) 
Controls with acute, non-neoplastic conditions; diseases related to 
tobacco use or alcohol abuse excluded 

Population-based study r 

Incident cases of oesophageal cancer (NOS) confirmed bv X-rays o r 
computerized tomography scan (53%) or by histology (47%); 71% of 
squamous-cell carcinomas; aged 30-74 years; response rate, 90.3% 
(Wmls with no history nf digestive cancer, individually matched on 
{+ 3 years), sex and village 

Population-based study in the entire population of Sweden using 
interviews 

Cases of squamous-ceil carcinoma of the oesophagus, bom in Sweden on 
even dates; median age, 67 years; response rate, 73% 

Controls randomly selected and frequency-matched lo total cases of 
squamous-cell carcinoma and adenocarcinoma of the oesophagus, and 
adenocarcinoma of the gastric cardia; participation rate, 73% 

Population-based study in Lin County 

Cases of oesophageal cancer (NOS), confirmed by histology or cytology 
(87%) or X-rays or surgery (15%) 

Neighbourhood controls individually matched (I: I) on age (± 3 yeais) 
and sex 

Hospital-based study in three areas of northern Italy using interviews 
Incident cases of histologically confirmed squamous-cell carcinoma of 
the oesophagus, aged 39—79 years; 95% of eligible eases 
Controls admitted for acute illnesses unrelated to tobacco and alcohol use 
to major hospitals in the same areas, frequency matched by age 
(± 5 years) and area of residence; malignant lesions excluded; 95% nf 
eligible controls participated. 

Hospital-based study at 3 major hospitals in grea ter Johannes burg 
Incident cases of oesophageal cancer (NOS), 90% confirmed by 
histology, haematology or cytology, aged 18-74 years 
Controls with cancers thought to be unrelated to tobacco and alcohol use; 
breast, prostate, leukaemia, lymphoma, myelomas, ovaiy, endometrium, 
vuhu, skin, colon, penis and others; aged 18-74 years 
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Table 2.1.4.J7 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Ferraroni et a/. 

Oesophagus 

Former smoker 

2.9 


(1989) 

(unspecified) 

Cigarcttcs/day 



Italy 


< 15 



1983—88 


15-24 

4.2 




>25 

7.2 


Li et a!. (1989) 

Oesophagus 

High-risk area 



China 

(unspecified) 

Current smoker 

0.9 

0.6 1.2 



Cigarette s/da y 





1-9 

1.0 

0 .6-1.6 



10-19 

0.8 

0.5-1.2 



>20 

0.9 

0.6— 1.4 



Age at starting smoking 





(years) 





> 35 

1.0 

0.6-1.7 



25-34 

1.1 

0.7-1.7 



20-24 

0.8 

0.5-1.3 



<20 

0.7 

0.4-1.1 



Low-risk area 





Current smoker 

1.5 

1 .1-2.0 



Cigarette s/d ay 





1-9 

1.4 

0.4-2. J 



10—1 9 

1.3 

0.9-2.0 



^ 20 

1.7 

1 .2-2.6 


Comments 


Adjusted forage, sex, education, social class, 
marital status, smoking, coffee and ajcohel 
consumption 

p < 0.01 for all current smokers combined 

Analysis included only men because of the very 
small number of women who smoked; cancers 
of the oesophagus and gastric cardiu were 
combined in the analysis; adjusted for age 



Table 2.1.4,17 (contd) 

Reference Cancer Smoking categories Relative 95% Cl Comments 

Country and years subsite risk 

of study 


Li et at. (1989) Age at starting smoking 

(contd) (years) 




> 35 

1.3 



25-34 

2.2 



20-24 

2.1 



<20 

0.8 

Rao et at. (1989) 

Oesophagus 

Smoker 


India 

(unspecified) 

All 

1 .7 

1980-84 


Vegetarian 

1.2 



N on-v egetari a n 

2.3 

De Stefani et al. 

Squamous¬ 

Men 


(1990) 

cell 

Cigarette s/d ay 


Uruguay 

carcinoma 

1-7 

1.9 

1985-88 


8-14 

2.7 



15-24 

4.3 



>24 

4.6 



Women 




C \ garettes/day 




1-7 

2.3 



> 8 

3.2 

Franceschi ei at. 

Oesoph agus 

Cigarette smoker 

3.8 

(1990) 

(unspecified) 

Cigarettes/day 


Italy 


< 14 

3-0 

1986-89 


15-24 

3.8 



> 25 

4.7 


0.7-2.3 
1.5-3.4 
1.3-3.3 
0.5-1.2 

Adjusted for age and residence. Both bidi and 

1.1- 2.7 cigarette smokers were included as smokers. 
0.4-3.7 

l .3-4.0 

Adjusted for age, residence and alcohol intake 

0.7-5.4 

1 . 1 - 6.8 

1.7-10.4 

1.9-1 1.1 


0.9—6.0 

1.1- 9.3 

2.2— 6.6 Adjusted, for age, residence, education. 

occupation and alcohol intake 

1.7-5.5 
2.1-6.7 

2.6—8.4 p for trend < 0.01 



1 



3006392205 
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Table 2.1.4.17 (con.td) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Franceschi cl al. 


Duration (years) 




Cl990) (eontd) 


J—29 

2.4 

1.3-4.4 




30-39 

4.0 

2.2—7.2 




> 40 

5.6 

3.1-10.0 

p for trend ■< O r O f 



Age at starting smoking 






(years) 






>25 

3.7 

2 .U-6.8 




17-24 

4.5 

2. 5-7.8 




c 1 7 

2.5 

I.-4-4.8 

p for trend < 0.01 

S a n kar an aray an an 

Oesophagus 

Cigarette smoker 

0.6 

0.3—1 .2 

Only 9 cases were cigarette smokers. 

et at. (1991) 

(unspecified) 

Duration (years) 




India 


£20 

0.5 

0 .1-2.1 


1983 84 


> 21 

0.6 

0.3-1.4 

p for trend > 0.05 

Cheng et at. 

Oesophagus 

Tobacco/d ay (g) 



Adjusted for age, education, birthplace, alcohol 

Cl 992) 

(unspecified) 

< 5 

1.7 

0.8—3.9 

use, consumption of pickled vegetables, green 

Hong Kong SAR 


5-< 10 

1.8 

1.0-3.2 

leafy vegetables and citrus fruits, preference for 



10--: 15 

2.2 

1.3-3.6 

hot drinks or soups, meals taken at home or 



l5-< 20 

l.S 

1.1-3.1 

eaten out 



20-C25 

2.5 

1.5—4.1 




25-c 30 

2.3 

1.0-5.7 




30-< 40 

3.9 

1.9-7.8 




£■ 40 

1.7 

0.6-5.1 





Table 2.1.4.17 (eontd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Negri ei al. (1992) 

Oesophagus 

Men 



Adjusted Forage, education, alcohol use and p- 

Italy 

(unspecified) 

Former smoker and 

3.5 

1.9-6.3 


1984-90 


< 15 cigarettes/d ay 






> 15 cigarettes/day 

5.1 

2.9-9.0 

p for trend < 0.001 



Women 






Former smoker and 

1.8 

0 .8-4.0 




< 1 5 cigarette s/d ay 






> 15 cigarettes/day 

4.8 

2.1 —JO.7 

p for trend < 0.001 

Wang ct at. (1992) 

Oesophagus 

High-risk area 



Analysis for men only; adjusted for age and 

China 

(unspecified) 

Ever-smoker 

0.6 

0.3-1.2 

occupation; alcohol consumption was a 

1988-89 


> 20 cigarettes/month 

3.2 

0 .8-12.6 

significant risk factor in the high-risk area but 



Low-risk area 



was not adjusted for; amount of tobacco 



Ever-smoker 

1.5 

0.7-3.4 

consumption too low to show a clear result 



> 20 cigarettes/month 

2.2 

0.6-7.6 


Rabat et al. (1 993) 

Squamous- 

Men 



Adjusted for age, education, hospital, time 

USA 

cell 

Former smoker 

t.3 

0. 7-2.4 

period and alcohol use 

1981-90 

carcinoma 

Current smoker 

4.5 

2.5-8.1 




Cigarellcs/day 






1-20 

t .9 

1 .J-3.5 




21-30 

2.7 

1.3-5.4 




> 31 

2.7 

1.5—5.0 





300639 : 
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Table 2.1.4.17 (contd) 


,0 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 95% C? 

risk 

Comments 

Rabat et al. (1993) 


Women 




(contd) 


Former smoker 

2,2 

1.1-4.3 




Current smoker 

6.8 

3.7-12.1 




Cigarettes/day 






[-20 

3.7 

2.0-6.7 




. > 21 

4.8 

2.4-9.5 


Brown et al. 

Squamous- 

Whites 



Adj listed for age, geographical area, alcohol 

(1994a) 

ce)| 

Former smoker 

2.4 

0.9-6.5 . 

consumption and income 

USA 

carcinoma 

Ever- smoker 

3.7 

1.4-9.7 


1986-B9 


Current smoker 

5.5 

2.0-14.9 




Ci gar ette s/da y 






1-19 

2.9 

0.9—S.8 




20-39 

3.S 

1.4 -10.4 




> 40 

3.9 

1.4-11.2 

p for trend — 0.07? 



Duration (years) 






1-29 

2.0 

0.7-6.0 




30-39 

3.6 

1.3-10.6 




£40 

5.9 

2.1-16.3 

p for trend < 0.001 



Blacks 






Former smoker 

1.5 

0.7-3.6 




Ever-smoker 

3.2 

1.5-7.0 




Current smoker 

4.2 

1.9-9.2 




Cigarettes/day 






1 —[9 

2.2 

0.9—4.9 




20-39 

4.0 

1-8—8.9 




S 40 

3.4 

1.3-8.5 

t> for trend < 0.002 


:fc 

4- 


Tabie 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 95°A CI 

risk 

Comments 

Brown et al. 


Duration (years) 




0994a) (contd) 


1-29 

1.7 

0.7—4.1 




30-39 

3,0 

1.3-6.9 




£ 40 

5.1 

2.3-1 1.6 

p for trend < 0.001 

Gao et al. (1994) 

Oesophagus 

Men 



Adjusted forage, education, birth place, tea 

China 

(unspecified) 

Former smoker 

1.7 

1.1 -2.6 

drinking, dietary factors and alcohol intake (for 



Current smoker 

2.1 

1.6-3.0 

men only) 



Cigarettes/day 






1-9 

),4 

0.8-2.3 




10-19 

1.7 

1.1-2.6 




20-29 

2.5 

1.7-3.6 




> 30 

6.0 

3.2-11.1 

p for trend 0.001 



Duration (years) 






0.5-19 

1.0 

0.5- \.H 




20-29 

l.l 

0.7-2.0 




30-39 

2.3 

1.5-3.6 




£ 40 

2.9 

2.0—4.2 

p for trend < 0,001 



Pack—years 






< 15 

1.0 

0.6-1.7 




15-34 

1.8 

1.2-2.7 




> 35 

3.8 

2.5—5.6 

p for trend < 0.001 



Age at starting smoking 






(years) 






> 30 

1.3 

0.8-2.! 




20-29 

2.6 

1.8-3.7 




<20 

2.5 

1.6—3.9 

p for trend < 0.001 


3006392207 
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Table 2.1.4.17 (contd) 


Reference Cancer 

Country and years subsite 
of study 


Smoking categories Relative 95% CL Comments 

risk 


Gao et at. (1994) 
(contd) 


Women 


Former smoker 

4.0 

Current smoker 

1.6 

Cigarettes/day 

1-9 

1.1 

10-19 

2.1 

> 20 

1.9 

Duration (years) 

0.5-19 

0.5 

20-29 

2.4 

30-39 

1.2 

£ 40 

2.4 

Pack—years 

< to 

0.8 

£ 10 

2.4 

Age at starting smoking 
(years) 

>25 

1.4 

< 25 

2.4 


1.9—8,3 
1.0-2.4 


0-5—2.2 
1.1-4.0 
0.8—4.6 

0.2-1.5 
1-1-5.2 
0.5-3.0 
1-2—4.9 


0.4-1.7 
1.4-4.1 


0.8-2.3 
1.1—5.2 


p for trend < 0.05 


p for trend <0.0? 


p for trend < 0.01 


p for trend < 0.05 


Hartaoka ef of. 
(1994) 

Japan 
1989-91 


Oesophagus 

(unspecified) 


Cigarettes/da y 
1-4 
5-14 
15-24 
2:25 


l.2 + 

1.4 

1.5 

1.0 


0.6-2.6 f 
O.d-3.2 
0.8-3 .0 
0.5-2.2 


Adjusted for alcohol intake; controls include 
patients with tobacco-related diseases. 

Also includes former smokers 

p for trend = 0.55 



Table 2.1.4.17 (contd) 


Reference 

Cancer 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 
of study 

sub site 


risk 



Hu etal (1994) 

Oesophagus 

Ctgareues/day t 



Adjusted for consumption of spirits 

China 

(unspecified) 

1-10 

1.7 

1.0-2.9 

* Former smokers were included in 

1985-89 


11-20 

2.2 

1.3-3.7 

corresponding categories. 



21-30 

J.7 

0.8-3.7 




>31 

Duration (years) 

3.3 

1.5 7.4 

p for trend = 0.005 



1-10 

1.5 

0,5-5.2 




11-20 

2.1 

1.1—4.3 




21-30 

2.8 

l. 6-5.0 




>31 

3.3 

2.0—5.3 

p for trend < 0.000 I 



Age at starting smoking 
(years) 






>31 

2.5 

1.3-5.1 




26-30 

2.1 

1.1—4.3 




21-25 

2.7 

1.5—4.8 




16-20 

3.1 

1.8-5.3 




:£ 15 

3.4 

1.7-6.6 

p for trend = 0.03 

Chen vtal. (1995) 

Oesophagus 

Ever-smoker 

1.3 

0.8-2.1 

Adjusted for age, sex, residence, alcohol use. 

China 

(unspecified) 




relevant food items and eating habits. 

1990-92 





Smoking could not enter into the multivariate 


analysis. The risk was not significantly 
associated with daily tobacco consumption, 
years of smoking, age at starting smoking and 
type of tobacco smoking. 



3006392208 
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Table 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Cheng et al. 

Oesophagus 

Former smoker 

2.4 

0.95-6.1 

Analysis restricted to abstainers from alcohol; 

(1995) 

(unspecified) 

Current smoker 



adjusted for sex, age, education, place of birth. 

Hong Kong SAR 


Tobacco/day (g) 



preference for hot drinks or soups, consumption 



< 15 

3.0 

1.1-8.4 

of green leafy vegetables, citrus fruits and 



15-24.99 

2.6 

0.9-8.1 

pickled vegetables 



2:25 

10.3 

1.8-57.6 

p for trend = 0.019 

Rolon et al. 

Oesophagus 

Former smoker 

3.6 

1.6-7.9 

Adjusted for age, sex, hospital group, lifetime 

<1995) 

(unspecified) 

Current smoker 

4.5 

2.2-9.1 

alcohol consumption 

Paraguay 


Cigarettes/day 




1988—91 


1-14 

3.2 

1.6-6.5 




15-39 

8.4 

3.6-19.3 




£40 

6.1 

1.8-20.8 

p for trend — 0.01 



Lifetime no. of cigarettes 






1 —49 999 

1.8 

0.7-4.2 




50 000-99 999 

3.4 

1.4-8.5 




100 000-299 999 

9.1 

4.0-21.0 




>300 000 

10.0 

3.9-25.8 

p for trend < 0.00001 



Duration (years) 






1-29 

1.5 

0.6-3.7 




30-39 

4.4 

1.9-10.0 




£ 40 

7.3 

3,3-16.3 

p tor trend = 0.00001 


Table 2.1.4.17 (contd) 

Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Siemiatycki et a!. 

Oesophagus 

Ever-smoker 

2.4 

1.0-5.7 


(1995) 

(unspecified) 

Pack—years 




Canada 


S 25 

1.7 

06—4.7 


1979-85 


25—49 

2.3 

0.9—5.8 




50-74 

3.1 

1.2-7.9 




> 75 

2,8 

1.1-7.6 

p for trend <0.01 

Vaughan et al. 

Squamous¬ 

Pack—years 



Adjusted for alcohol intake, body mass index. 

(1995) 

cell 

1-39 

5.2 

1.7-16.2 

age, sex, race and education 

USA 

carcinoma 

40-79 

7.9 

2.8-22.1 


1983-90 


> 80 

16.9 

4.1-69.1 

p for trend < 0,001 

Vizcaino et al. 

Oesophagus 

Former smoker 

3.1 

1.7-5.6 

Analysis for men only because of low 

(L99S) 

(unspecified) 

C igatettes/day 



prevalence of women who smoked; adjusted for 

Zimbabwe 


< 15 

3.1 

2.4—4.0 

age, province, occupation and total alcohol 

1963-77 


> 15 

4.3 

2.8-6.7 

consumption 






P for trend <0,001 

Tavan i et al. 

Oesophagus 

Former smoker 

0.8 

0.2—3.4 

Adjusted for age, sex and education 

(1996) 

(unspecified) 

Current smoker 

3.4 

2.5-8.1 


Italy 


Cigarettes/dav 




1984-92 


<20 

1.3 

0,4—4.2 




£ 20 

7.5 

2.7-20.4 

p for trend < 0.01 



Duration (years) 






< 30 

2.0 

0.7-5.3 




> 30 

4.9 

1.8-13.6 

p for trend < 0.01 


3006392209 
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Table 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 95% Cl 

risk 

Comments 

Tavani e< ai. 


Age at starting smoking 




(1996) (contd) 


(years) 






>25 

J.7 

0.6—4.7 




£ 25 

3.9 

1.5-10.5 


Gammon el al. 

Squamous- 

Former smoker 

2.8 

1. 5-4.9 

Adjusted for age, sex. area, race, body mass 


cell 

Current smoker 

5.1 

2.8-9.2 


USA 

carcinoma 

Cigarettes/day 




1993-95 


< 16 

2.7 

1.4-5.1 




16-20 

3.9 

2.1-7.2 




21-30 

5.3 

2.6-10.7 




>30 

3.9 

2.0-7.6 

p for trend < 0.05 



Duration (years) 






<20 

1.8 

0.9-3.7 




20-31 

2.0 

1.0—4.0 




32-42 

3.3 

1.8-6.1 




>42 

5.9 

3.2-10.7 

P for trend < 0.05 



Pack—years 






< 14 

2.0 

1.0-4.0 




14-3) 

2.S 

1.4—5.5 




32-54 

4.5 

2.4-8.5 




> 54 

5.8 

3.1-11.0 

p for trend < 0.05 


Table 2.1.4.17 (contd) 

Reference 

Cancer 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 
of study 

subsite 


risk 



Launoy <?/ al. 

Squamous¬ 

Duration (years) 



Nonsmokers and abstainers from alcohol were 

(1997) 

cell 

1-14 

1.0 


excluded from the analysis, hence the reference 

France 

carcinoma 

15-29 

1.7 

0.7 4 1 

group included smokers who had smoked for 1 — 

1991-94 


30—44 

3.3 

1.3-8.3 

J4 years; adjusted tor interviewer, age, place of 



^ 45 

3.2 

1.1-10.0 

residence, occupation, education, lifestyle and 
weekly alcohol Consumption 
p for trend < 0.0001 

CastellsaguS & 

Squamous- 

Even-smoker 

2.2 

1.5-3.4 

Adjusted for hospital, age group, sex and years 

Muftoz (1999) 

cell 

Cigarettes/day 



of schooling 

Argentina, Brazil, 

carcinoma 

1-7 

1.5 

0.8—2.6 


Paraguay Sc 


8-14 

2.6 

1.2-5.4 


Uruguay 


15-24 

3.4 

1.9-6.1 


1985-92 


>25 

2.5 

1, 2-5.4 

p for trend < 0.001 

CastellsaguS et ai. 

Squamous¬ 

Men 



Adjusted for age, hospital, education and 

(1999) 

cell 

Former smoker 

2.8 

1.8-4.3 

alcohol intake 

Argentina, Brazil, 

carcinoma 

Evcr-smokcr 

4.1 

2.7—6.0 


Paraguay A 


Current smoker 

5.1 

3.4—7.6 


Uruguay 


Cig3reues/day 




1985-92 


1-7 

2.2 

1.3-3.5 




8-14 

4.1 

2.6-6.4 




15-24 

5.3 

3.4-8.1 




>25 

5.0 

3.2-7.7 

p for trend < 0.00001 


0-1 

so 


3006392210 
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Table 2.1*4.17 (contd) 


Reference Cancer 

Country and years subsite 
of study 

Castellsague et aL 
(] 999) (contd) 


Smoking categories 

Relative 

risk. 

95% Cl 

Comments 

Duration (years) 

1-29 

2.6 

1.7-4.2 


30—39 

3.6 

2.3-5.6 


40—49 

4.7 

3.0—7,2 


> 50 

6.0 

3.8—9.5 

P for trend < 0.00001 

Age at starting smoking 
(years) 

< 13 

3.0 



14-16 

0.7 

0.5-0.96 


17-20 

0.8 

0.6-1.0 


£ 21 

0.6 

0.4—0.9 

p for trend = 0.02 

Women 

Former smoker 

1.6 

0.S-3.I 


Ever-smoker 

2.4 

1.5-3.7 


Current smoker 

.3.1 

1.8-5.3 


Cigarettes/day 

1-14 

2.1 

1.2-3.7 


> 15 

2.8 

1.4-5.4 

p for trend = 0.0003 

Duration (years) 

1-29 

1.5 

0.8—2.9 


30-39 

2.0 

0.9 4.4 


40 

4.4 

2.2-9.Q 

p for trend < 0.00001 


Table 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% CI 

Comments 

Cascellsague et al. 


Age at starting smoking 




(1999) (contd) 


(years) 






<13 

1.0 





14-16 

1.6 

0.3—7.5 




17-20 

0,6 

0,2—2.4 




>21 

0.2 

0.1-0.7 

p for trend = 0,003 

La Veccbia ci al. 

Oesophagus 

Cigarettes/day 



Analysis restricted to abstainers from alcohol 

(1999b) 

(unspeci Tied) 

< 20 

1.3 

0.4—4.2 


Italy 


2:20 

7.5 

2.7 20.4 

p for trend < 0.001 

1984-92 






Shen etal. (1999) 

Oesophagus 

Men 



Adjusted for age, education, salted food 

China 

(unspecified) 

Ever-smoker 

1.9 

0.9—4.0 

consumption and fhrit intake 

1994—95 


Current smoker 

2.5 

1.6-3.8 




Cigarettes/day 






1-9 

1.5 

0.8-3.1 




10-19 

1.9 

1.1-3.1 




20-29 

2.5 

1.6-4.0 




> 30 

7.7 

2.8-20.8 

p for trend < 0.001 



Duration (years) 






0.5—1 9 

1.8 

0.9-3.4 




20-29 

2.4 

1.4—4.3 




30-39 

2.5 

1.5—4.2 




£ 40 

2.7 

1.5-4.9 

p for trend < 0.001 


3006392211 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsite 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Shen et at. (1 999) 


Pack—years 




(conul) 


0.5-13 

1.3 

0.7-2.4 




14-29 

2.1 

1.3-3.5 




>29 

3.3 

2.0-5.5 

p for trend < 0.001 



Age at starting smoking 






(years) 






>29 

2.0 

1.2-3.5 




20-29 

2.4 

1.5-3.8 




< 20 

2.8 

1.6-5.1 

p for trend < 0 01 



Women 






Ever-smoker 

3.3 

0.6-17.6 




Current smoker 

1.2 

0.8-1.8 




Cigarettes/day 






1-9 

1.8 

1.0-3.4 




10-19 

0.9 

0.6-1.6 




>20 

1.4 

0.7-2.8 

p Ibr trend > 0.05 



Duration (years) 






0.5-19 

0.9 

0.5-1.5 




20-29 

1.3 

0.7-2.4 




S: 30 

2.4 

1.1-5.1 

p for trend < 0.05 



Pack—years 






0.5-13 

0.9 

0.7-1.6 




> 14 

1.0 

1.0-3.4 

p for trend > 0.05 



Table 2.1.4.17 Ccontd) 

Reference 

Cancer 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 

subsite 


risk 



of study 






Shen at at. (1999) 


Age at starting smoking 




(contd) 


(years) 






> 30 

1.1 

0.7-1.7 




< 30 

2.1 

1.1-4.1 

p for trend > 0.05 

Lagergren ct at. 

Squamous- 

Former smoker 

2.5 

1-4-A.7 

Adjusted for age, sex, alcohol use, education. 

(2000) 

cell 

Current smoker 

9.3 

5.1-17.0 

body mass index, reflux symptoms, intake of 

Sweden 

carcinoma 

Cigarettes/day f 



fruit and vegetables, energy intake and physical 

1995-97 


1-9 

2.8 

1.5-5.2 

activity 



1 0-1 9 

3.9 

2.2-6.9 

Also adjusted for pipe smoking and snuff use 



2: 20 

4.9 

2.7-9.0 


Lu et at. (2000) 

Oesophagus 

Evcr-smokcr 

2.0 

1.1-3.4 

Adjusted for age, sex, occupation, body mass 

China 

(unspecified) 




index, dietary factors and habits, depression and 

1995—96 





hyperplasia 

Zantbon et at. 

Squamous¬ 

Cigarettes/day 




(2000) 

cell 

1-14 

3.2 

1.6-6,4 


Italy 

carcinoma 

15-24 

5.4 

2.8-10.1 


1992-97 


^ 25 

7.0 

3,2-15.1 

p for trend < 0.001 



Duration (years) 






1-24 

i.5 

0.4-6.2 




25-34 

2.6 

1.2-5.6 




> 35 

6.4 

3.5-12.0 

p for Irencl < 0.00 J 


o 

CO 


3006392212 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.17 (contd) 


Reference 

Country and years 
of study 

Cancer 

subsitc 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Zambon et al. 


Age at starting smoking 




(2000) (contd) 


(years) 






> 20 

4.3 

2.2-83 




17-19 

3.6 

1.8-7.5 




< 17 

6.3 

33-123 

p for trend = 0.15 

Pacella-Norman 

Oesophagus 

Men 



Adjusted for age, place of birth, education, work 

et al. (2002) 

(unspecified) 

Former smoker 

3.8 

2.3-63 

category, heating ftiel, snuff use and a/cohol 

South Africa 


Current smoker 

3.8 

23-6.1 

consumption 

1995-99 


Tobacco (glday) 






1-14 

3.3 

2.0-5.5 




S 15 

6.0 

3.2-11.0 




Women 






Former smoker 

2.6 

l.5-4.5 




Current smoker 

3.1 

1.7-5.4 




Tobacco (g/day) 






1-14 

2.8 

1.5-5.2 




> 15 

6.2 

1.9-20.2 



Cl, confidence interval 


Table 2.1.4.18. Case-control studies on tobacco smoking and oesophageal cancer (unspecified! 
cell carcinoma of the oesophagus: smoking cessation 


or squamous- 


Reference 
(country and years 
of study) 

Cancer subsite 

Years since 
quitting 

Relative 

risk 

05% Cl 

Brown et al. 

Oesophagus 

Current smoker 

1.8 

1-0-3.0 

(1988) 

(unspecified) 

1-9 

2.0 

1.0-3,7 

USA 


£ 10 

1.0 

0.5-2.1 

1977-84 





Vu alal. (1988) 

Oesophagus 

< 5 

4.L 

0.6-28.6 

USA 

(unspecified) 

0\ 

f 

3.3 

0.8-I2.S 

1975-81 


10-19 

2.0 

0.6-7.2 



>20 

1-9 

Q.5-6.6 



Non smoker 

1.0 

- 

Franceschi et al. 

Oesophagus 

Current smoker 

3.8 

2.2—6.6 

(1990) 

(unspecified) 

< 10 

2.5 

13-4.8 

Italy 


> 10 

2.2 

1.1—43 

1986-89 





Kabat et al. (1993) 

Squamous-ceil 

Men 



USA 

carcinoma 

Current smoker 

L.O 

_ 

1981-90 


1-5 

0.5 

03-1.0 



6-10 

0.4 

0.2—0.8 



n-20 

0.3 

0.2—0.6 



>21 

0,2 

0.1-03 



Women 





Current smoker 

1.0 

_ 



1-10 

0.4 

0.2—0.9 



> 1 1 

0.3 

0.1-0.5 


Comments 


Cases and controls from the incidence and. mortality 
scries were combined for the analysis. Adjusted Tor 
study series (incidence or mortality), use pf local 
beverage and other alcoholic beverages 
Analysis restricted to directly interviewed pairs 
(« = 129); relevant factors were not adjusted for, 
except variables for matching (age, sex and. race). 


Adjusted for age, residence, education, occupation and 
alcohol intake 
p for trend <0.01 

Adjusted for age. education, hospital, time period and 
alcohol use 


300639221 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.18 (contd) 


Reference 
(country and years 
of study) 

Cancer subsite 

Rol6n et al. 

(1995) 

Paraguay 

1988-91 

Oesophagus 

(unspecified) 

Gammon et al. 
(1997) 

USA 

1993-95 

Squamous-cell 

carcinoma 

Launoy el al. 

(1997) 

France 

1991-94 

Squamous^-cell 

carcinoma 

Castellsagu£ et al. 
(1999) 

Argentina, Brazil, 
Paraguay & 

Uruguay 

1985-92 

Squamous-cell 

carcinoma 

—i___. 

- i 


Years since Relative 95% Cl 

quitting risk 


Current smoker 

4.5 

2.2-9.1 

1-7 

5.2 

2.2-12.4 

8-19 

2.0 

0.6—6,7 

>20 

2.0 

0.5—7.9 

Current smoker 

5.1, 

2.8-9.2 

< 1 1 

5.6 

2.9—J 0.8 

11-20 

2.3 

1.1-4.8 

21-30 

1.0 

0.4-2.7 

> 30 

1.8 

0.8—4.2 

Current smoker 

1.0 

_ 

1-5 

1.4 

0.7-2.6 

6-10 

0.9 

0.4-1.9 

£ 11 

0.5 

0.3-1.03 

Men 



Current smoker 

1.0 

_ 

1-4 

0.7 

0.5—1.0 

5-9 

0.5 

0.3—0.8 

> 10 

0.5 

0.4-0.7 

Women 



Current smoker 

1.0 

_ 

1-9 

1.0 

0.3-3.1 

> 10 

0.4 

0.1-1.2 


Comments 


Adjusted for age, sex, hospital group, lifetime alcohol 

consumption 
p for trend — 0.06 

Adjusted for age, sex, area, race, body mass index, 
income and use of alcohol 


p for trend < 0.05 

Adjusted for interviewer, age, place of residence, 
occupation, education, lifestyle and weekly alcohol 
consumption 
p for trend — 0.06 

Adjusted for age, hospital, education, alcohol intake 
P for trend < 0,00001 


p for trend = 0.14 


Table 2.1.4.18 (contd) 


Reference 
(country and years 
of study) 

Cancer subsite 

Years since 
quitting 

Relative 

risk 

95% Cl 

Comments 

Lagergren el al. 

Squamous-ceil 

Current smoker 

9.3 

5.1-17.0 

Adjusted for age, sex, alcohol use, education, body 

(2000) 

carcinoma 

<2 

10.3 

5.6-19.1 

mass index, reflux symptoms, intake of fruit and 

Sweden 


3 10 

5.2 

2.4-1 1.3 

vegetables, energy intake and physical activity 

1995-97 


11-25 

2.1 

1.0-4.7 

p for trend < 0.0001 



>25 

1.9 

0.8-4,0 


Zambon et al. 

Squamous-cell 

< 5 

7.7 

3.2-18.5 


(2000) 

carcinoma 

5-9 

4.1 

l.8-9.1 


Italy 


> lO 

1.5 

0.8-3.0 


1992-97 


Nonsmoker 

1.0 


p for trend < 0.001 


Cl, confidence interval 


£ 

3006392214 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.19. Case—control studies on tobacco smoking and oesophageal cancer (unspecified) or squamous¬ 
cell carcinoma of the oesophagus: type of tobacco and/or cigarette 


Reference 
(country and years 
of study) 

Cancer subsite 

Cigarette exposure 

Relative 

risk 

95% Cl 

Comments 

De Stefani et al. 

Squamous-cell 

Type of tobacco 



Adjusted forage, residence, alcohol intake and 

(1990) 

carcinoma 

Mainly blond 

1.0 

- 

duration of smoking 

Uruguay 


Mainly black 

2.6 

1.7-3.9 


1985-88 






Rolon et al. 

Oesophagus 

Type of tobacco 



Adjusted for age, sex, hospital group and 

(1995) 

(unspecified) 

Mainly black 

1.0 

- 

lifetime ethanol consumption 

Paraguay 


Mixed 

1.0 

0.3-3.4 


1988—91 


Mainly blond 

0.5 

0.2-1.1 


Vaughan et al. 

Squamous-cell 

Type of cigarettes 



Adjusted for alcohol intake, body mass index. 

(1995) 

carcinoma 

Filter 

1.0 

- 

age, sex, race and education 

USA 


Mixed 

0.6 

0.2-1.9 


1983-90 


Untipped 






vs filter only 

1.1 

0.3-3.5 




vs filter and mixed 

1.6 

0.8-3.3 


Gammon et al. 

Squamous-cell 

Filter status 



Adjusted forage, sex. area. race, body mass 

(1997) 

carcinoma 

Filter only 

2.9 

1 .7-5.0 

index, income and use of alcohol 

USA 


Filter + no filter 

2.7 

L4-5.6 


1993-95 


No filter only 

3.6 

2.0-6.4 



Table 2.1.4.19 (contd) 

Reference 
(country and years 
of study) 

Cancer subsite 

Cigarette exposure 

Relative 

risk 

95% Cl 

Comments 

Castellsague et al. 

Squamous-cell 

Men 



Adjusted for age, hospital, education, alcohol 

(1999) 

carcinoma 

Type of tobacco 



intake 

Argentina, Brazil, 


Only blond 

1.0 

— 


Paraguay & 


Mixed 

1.3 

0.8-1.9 


Uruguay 


Only black 

2.0 

l. 5-2.7 

p for trend < 0.00001 

1985-92 


Use of filter 






Never 

1.0 





Ever 

0.B 

0.6-0.98 




Women 






Type of tobacco 






Blond or mixed 

1 .0 

- 




Only black 

3.4 

0.9-13.0 




Use of filter 






Never 

1.0 

— 




Ever 

1.5 

0.5—4,4 



CT, confidence interval 


-u 

iu 

so 

3006392215 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.21). Case-control studies on tobacco smoking and adenocarcinoma 
of the oesophagus: main characteristics of study design 


Reference 
Country and 
years of study 

Number of cases 
and controls 

Criteria for eligibility and comments 

1 evi el al. 

(1990) 

Switzerland 

1963-85 

Men: 21 cases 
and 85 controls; 
women: 9 cases 
and 55 controls 

Hospital-based study 

Cases histologically confirmed as adenocarcinoma in 
Barrett’s oesophagus, aged 37-86 years 

Controls with Barren’s oesophagus without any malignant 
features 

Kabat cl al. 
(1993) 

USA 

1981-90 

Men: 173 cases 

and 4544 

controls; women: 
21 coses and 2228 

controls 

Hospital-based study in 28 hospitals in eight cities 

Cases histologically confirmed as adenocarcinoma of the 
distal oesophagus, gastro oesophageal junction or cardia 
Controls included cancers of the breast, endometrium, ovaiy, 
prostate and skin, leukaemia, lymphomas and sarcomas and 
non-cancer diagnoses; individually matched on age 
(+ 5 years), sex, race and hospital 

Menke- 
Pluymers el al. 
(1993) 
Netherlands 

1978-85 

Men: 47 cases 
and 53 controls; 
women: 15 cases 

and 43 controls 

Hospital-based study 

Cases histologically confirmed as adenocarcinoma in 
Barrett's oesophagus; mean age, 62 years 

Controls with caucer-frcc Barrett’s oesophagus; mean age, 

61 years 

Brown cl d 
(1994b) 

USA 

1986-89 

Men: 174 cases 
and 750 controls 

Population-based study in three areas 

Cases histologically confirmed as adenocarcinoma of the 
oesophagus or gastro-oesophiigeal junction, identified 
through cancer registries, aged 30-79 years 

Controls selected from general population by random-digit 
dialling and random sampling of Medicare recipients, 
frequency-matched on age and race 

Gao el al. 

(1994) 

China 

1990-93 

Men and women: 
51 cases and 

1552 controls 

Population-based study in the urban area of Shanghai 

Cases histologically confirmed as adenocarcinomas of the 
oesophagus, identified through Shanghai Cancer Registry, 
aged 30-74 years 

Controls randomly selected from Resident Registry, matched 
on age and sex 

Vaughan eta/. 
(1995) 

USA 

1983-90 

Men and women: 
298 cases and 

724 controls 

Population-based study in western Washington State 

Cases histologically confirmed as adenocarcinomas of the 
oesophagus (133) or gastric cardia/gastro-oesopliageal 
junction (165), identified through the Cancer Surveillance 
System of the Fred Hutchinson Cancer Research Center 
Controls identified by random-digit dialling, frequency- 
matched by age and sex 


Table 2.1.4.20 (contd) 


Reference 
Country and 
years of study 


Number of cases 
and controls 


Zhang eld 
(1996) 

USA 

1992-94 


Men: 79 cases 
and 62 controls; 
women: 16 cases 
and 70 controls 


Gammon et al. 
(1997) 

USA 

1993-95 


Men: 245 cases 
and 555 controls: 
women: 48 cases 
and 140 controls 


Lagcrgren Cl al. 

( 2000 ) 

Sweden 

1995-97 


Men:! 64 cases 
and 681 controls: 
women: 25 cases 
and 139 controls 


Wu a a). (2001) Men: 202 cases 
USA and 999 controls: 

1992-97 women: 20 cases 

and 357 controls 


Criteria for eligibility and comments 


Hospital-based study 

Cases histologically confirmed as adenocarcinomas of the 
oesophagus (2!) or ("astro-oesophageal junction and gastric 
cardia (67) 

Controls were patients who had undergone gastrointestinal 
endoscopy. 

Population-based study in three areas 
Cases histologically confirmed as adenocarcinomas of the 
oesophagus, identified through population-based tumour 
registries, aged 30-79 years; 81 % of eligible cases 
participated. 

Controls identified by random-digit dialling or random 
sampling of 1 lealth Care Financing Administration rosters, 
frequency-matched by geographical area, age. sex and/or 
race, depending on study centre; response rate, 70% 

Population-based study 

Cases histologically confirmed as adenocarcinomas of the 
oesophagus from the entire population of Sweden; median 
age, 69 yearn; 87% of eligible cases participated. 

Controls randomly selected in general population, from age 
and sex strata (frequency-matched): participation rate. 73% 

Population-based study in Los Angeles County 
Cases histologically confirmed as adenocarcinomas of the 
oesophagus, identified by the Los Angeles County Cancer 
Surveillance Program; 77% of ihosc approached participated. 
Controls from neighbourhood, matched on gender, race and 
ugc (± S years); diagnosis of oesophageal or stomach cancer 
excluded 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 


Table 2.1.4.21. Case-control studies on tobacco smoking and adenocarcinoma of (he oesophagus 


Reference Smoking categories 

Country and years 
of study 


Relative risk 95% Cl Comments 


Levi et oi. < 1990) 
Switzerland 

Cigarettes/day 
< (5 

1.0 

0.3-4.1 

J 963-85 

15-24 

0.6 

0.2-1.9 


£25 

0.9 

0.3—2.9 

Rabat etatl. (1993) 
USA 

Men 

former smoker 

1.9 

1,2-3.0 

1981-90 

Current smoker 

2.3 

1 4-3.9 


Cigarettes/day 

1-20 

1.8 

1.1-2.9 


21-30 

2.1 

1.1-3.9 


>31 

2.4 

1.5—4.0 


Years since quitting 
Current smoker 

1.0 



1—5 

0.5 

04-1.1 


6-10 

1.1 

0.6-1.9 


1 1-20 

1.2 

0.8-1.9 


£ 21 

0.5 

0.3-0.9 


Women 

Former smoker 

1.4 

0.4—4.4 


Current smoker 

4.8 

1.7-14.0 


Cigarettes/day 

1-20 

1.9 

0.7-5.4 


>21 

4.5 

1.4-14.2 


Years since quitting 
Current smoker 

1.0 



1-10 

0.3 

0.1—1.7 


> 1 1 

0.3 

O. I-I .I 


Adjusted for age and sex; the control group used have 
been inappropriate. 


Adjusted forage, education, hospital, time period and 
alcohol use; adenocarcinomas of the distal oesophagus 
and gastric cardia were combined. 




Table 2.1.4.21 (contd) 


Reference 

Smoking categories 

Relative risk 

95% Cl 

Comments 

Country and years 

of study 





Menke-Pluymers et at. 

Current smoker 

2.3 

p < 0.05 

Adjusted for age, sex, alcohol intake and length of 

(1993) 

Netherlands 

1978-85 




Barrett’s Oesophagus; controls may be inappropriate. 

Brown et ai. (1994b) 

Current smoker 

2.1 

1.2-3.8 

Adjusted for age, area, intake of spirits and income 

USA 

Cigarettes/day 




1986-89 

<20 

1.1 

0.5—2.4 



20-39 

2.4 

1.3-4 A 



>40 

2.6 

1.3-5.0 

p for trend <0.01 


Duration (years) 





< 30 

2.5 

1.3-4.7 



30-39 

2.5 

1.3-4.9 



> 40 

1.6 

0.8-3.2 

p for trend > 0.05 


Age at starting smoking 
(years'! 





2 21 

2.4 

0.5-3.2 



16-20 

1.9 

0.9—3.2 



< 16 

Years since quitting 

2.5 

0.9-3-6 

p for trend > 0,05 


1-9 

2.0 

1-0-4.1 



10-19 

2.4 

l. 2-4.9 



20-29 

2.2 

1.0-4.7 



£ 30 

3.1 

i. 5-6.6 

p for trend -' 5 - 0.05 


3006392217 
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Table 2.1.4.2J {contd) 


Reference 

Country and years 
of study 

Smoking categories 

Relative risk' 

95% Cl 

Comments 

Gao et al. (1994) 

Former smoker 

1.8 


Adjusted for age, sex, education, birthplace, lea 

China 

Current smoker 

2.1 


drinking, dietary factors nnd alcohol intake (for men 

L 990-93 

. Cigarettes/day 



only); for separated histological types, odds ratios 



2.0 


were not statistically significant at/) c 0.05 (numbers 


10-19 

1.1 


too small). 


20-29 

2.0 




> 30 

3.5 


p for trend > 0.05 


Duration (years) 





0.5-19 

t.fc 




20 29 

1.0 




30-39 

2.0 




>40 

2.0 


p for trend > 0.05 


Pack—years 





c 15 

1.7 




15—34 

1.4 




>35 

2.4 


p for trend > 0.05 


Age at starting smoking 





(years) 





£ 30 

2.0 




20-29 

1.6 




< 20 

1.8 


p for trend > 0.05 

Vaughan et al. ( 1995) 

Former smoker 

1.5 

1.0-2.3 

Adjusted tor age, gender, race, education, alcohol 

USA 

Pack—years 



intake and body mass index; cases of adenocarcinoma 

1983-90 

1-39 

1.4 

0.7-2.7 

of the oesophagus, gastro-ocsophageaI junction and 


40-79 

2.4 

1.4—4.1 

gastric cardia were combined. 


£ SO 

3.4 

l .4—8.0 

p for trend — 0.03 




Table 2.1.4.21 (contd) 


Reference 

Country and ycaTS 

Of Study 

' Smoking categories 

Relative risk 

95% Cl 

Comments 


Vaughan et al. (1995) 

Type of cigarette 



Among ever smokers, further adjusted for pack—years 


(contd) 

Filter 

1.0 

- 

of smoking 



Mixed 

0.8 

0.4-1.6 




Untipped 






vs filter only 

1.4 

0.7-3.0 




vs filter and mixed 

1.7 

1.1-2.7 


-4 

Zhang et al. (1996) 

Cigarettes/day 



Adjusted for age, sex, race, education, alcohol 

CD 


1-20 

1.1 

0.5—2.4 

consumption, body-mass index and daily total calories 



21—40 

2.S 

1.1 -7.2 

p For trend = 0.07 

Cl 


>40 

1.3 

0.1-1 1.3 


o 


Duration (years) 




c ri 
£ 


1-20 

0-9 

0.3-2.4 


O 


21-40 

2.2 

0.99—4.9 




> 40 

1.3 

0.4-3.8 

p for trend = 0.17 

m 


Pack—years 






1-29 

1.5 

0.7-3.4 




30-59 

1.6 

06-3.9 




> 60 

2.4 

0.7-7.9 

p for trend = 0.18 



continuous variable 



p for trend = 0.034 



Age at starting smoking 






(years) 






> 20 

1.8 

0.7-4.7 




17-20 

2.0 

0.8—4.9 




< 16 

1.0 

0.4-2.5 

p for treod = 0.79 



3006392218 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.21 (con(d) 


Reference 

Country and years 
of study 

Smoking categories 

Relative risk 

95% Ci 

Gammon et al. (1997) 

Former smoker 

2.0 

1.4-2,9 

USA 

Current smoker 

2.2 

1.4-3.3 

1993-95 

Cigarettes/day 
< 16 

1.5 

J .0-“2.4 


16-20 

2.2 

1.4-3.4 


21-So 

3.1 

1.9-5.1 


> 30 

2.1 

l.3-3.3 


Duration (years) 

< 20 

J .4 

0.9—2.2 


20-31 

1 .7 

1.0-2.8 


32-42 

2.9 

1.8-4.4 


> 42 

2.4 

1.5-3.7 


Pack-years 
< 14 

1.4 

0.8—2.2 


14-31 

1.6 

1.0-2.6 


32-54 

2.9 

1.8-4.5 


> 54 

2.8 

1.8—4.4 


Years since quitting 
< 1 1 

2.7 

1,6—4,4 


1 1-20 

2.3 

1.4-3.8 


21-30 

1.9 

1.1-3.2 


> 30 

1,2 

0.7-2.2 


Filter status 

Filter only 

2.0 

1.4-2.9 


Filter ■+■ no filter 

1.7 

1.0-3.0 


No filter only 

1.9 

J -2—2,9 


Comments 


Adjusted for age* sex* area, race, body-mass index, 
income and use of alcohol 


p for trend < 0.05 


p for trend < 0.05 


p For trend < 0.05 


p for trend < 0.05 



Table 2.1.4.21 (contd) 


Reference 

Country and years 
of study 

Smoking categories 

Relative risk 

95% Cl 

Lagergren et a/. (2000) 

Former smoker 

1.9 

1.2-2.9 

Sweden 

Current smoker 

1.6 

0.9-2.7 

1995—97 

Cigarettcs/day 

1-9 

1.2 

0,7-2.2 


JO-J9 

1.7 

J.0-2.9 


> 19 

l.l 

0.6—2.0 


Duration (years) 1 

1-20 

1.8 

1.1-3.1 


21-35 

1.5 

0.9-2.6 


> 35 

2.0 

1.2-3.3 


Years since quitting 

0-2 

1.7 

1.0-3.0 


3-10 

2.4 

1.2-4.8 


1 1-25 

1.6 

0.9-2.5 


■> 25 

1.6 

0.9-2.8 

Wu et at. (2001) 

Fortner smoker 

1.5 


USA 

Current smoker 

2.8 

1- 8-4.3 

1992-97 

Cigaretics/day 

1-19 

1.6 

0.7-3.3 


20-39 

2.9 

1.8—4.8 


5 40 

4.5 

2.3—8.7 


Duration (years) 

£ 20 

J .4 

0.9—2.2 


21-40 

2.1 

1.4-3.1 


>41 

2.2 

1.3-3.5 


Comments 


Adjusted for ago, sex, alcohol use, education, body- 
mass index, reflux symptoms, intake of fruit and 
vegetables, energy intake, physical activity, pipe 
smoking and snuff use 


’includes cigar and pipe smoking. 


p for trend = 0.02 

Adjusted for age, sex, race, birthplace and education 


p for trend < 0.0001 


p for trend = 0.0001 


3006392219 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4,21 (conId) 


Reference 

Country and years 
of study 

Smoking categories 

Relative risk 

95% Cl 

Comments 

Wu et a/. (200 1 > (eomd) 

Age at starting smoking 





(years) 





>21 

1.9 

1.2—3.0 



I 7-20 

1,8 

1.2 2.7 



£ 16 

1.8 

1.2-2.8 



Years since quitting 





1-5 

2.2 

1.2-3.9 



6-10 

1.1 

0.5-2.3 



l 1-19 

t .7 

1.1-2.9 



>20 

1.3 

0.8—2.1 

p for trend = 0.01 


Cl, confidence interval 


O 

Z 

o 

o 

£ 



Weir & Dunn 

Californian Study 


1 1 



Light smokers were used as the reference 


(1970) 

68 153 men 

Cigare-ttes/day 




group as none of the cases were nonsmokers. 


USA 


1-14 


1.0 



1954-62 


15-25 


6.0 






>25 


5.8 




Hirayama 

Six-prefecture Study 

Current smoker 

72 

23.8 

5.3-420 

Data stratilled by prefecture, occupation. 


(1985); Akiba 

265 118 adults (122 261 

Cigaretlcs/day 




attained age and observation period 


& Hirayama 

men and 142 857 

] -4 

I 

13.7 

0.5-346 


(L 990) 

women) 

5-14 

23 

17.0 

3.6-304 


■H 

Japan 


15-24 

35 

25.7 

5.5-458 


c 

1965-81 


25-34 

9 

76.9 

14-1427 


to 

> 



> 35 

4 

73.4 

1 [-1444 


o 



Cigarettes/day 


SMR + 


Standardized mortality Tatio 

o 

o 



1-24 


31 



C/3 



> 25 


98.5 


p for trend < 0.000 i 

o 

Akiba (1994) 

Life Span Study 


46 




Japan 

61 505 atomic bomb 

Former smoker 


>■ too 



m 

1968-87 

survivors 

Current smoker 


> 100 




McLaughlin 

US Veterans’ Study 


167 





etal. (1995) 

293 958 men 

Former smoker 


5.0 

2.4-10.5 



USA 


Ever-smokcr 


10.2 

5.2-20.0 



1954-80 


Current smoker 


13.7 

7.0-27.1 



Railiola & 

Data from files or 

Current smoker 




Adjusted for age 


Pukander 

Tampere University 

Men 

244 

15.9 

10.0-25.4 

No description of collection of information 


(1997) 

Hospital and Finnish 

Women 

14 

12.4 

3.9-39.5 

on smoking status among reference 


Finland 

Cancer Registry 





population; significantly higher proportion of 


1962—91 






smokers in supra-glottic than in glottic cases 



__ (P = 0.02S> _ 

Cl, Confidence interval 


3006392220 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1,4,23, Case-control studies on tobacco smoking and laryngeal cancer, 
main characteristics of study design 


Reference 

Country and years of 
study 


Wynder & Stellman 
(1979) 

USA 

1969-76 

Burch eta/. (1981) 

Canada 

1977-79 


Graham eta/. (1981) 

USA 

1957-65 


Herityero/. (1982) 
Ireland 


Olsen eld (1985) 

Denmark 

1986-82 


R reunion (1987) 

USA 

1984-85 


De Slefani et at. 
(1987) 

Uruguay 

1985-86 


Tuynsefa/((988) 
France, Italy, Spain 
and Switzerland 
1973-80 


Number of cases and Criteria for eligibility 

con Irak 


Men; 286 cases and 
4835 controls; women, 
64 cases and 4712 
controls 

Men: 184 cases and 
184 controls; women: 
20 cases and 20 
controls 


While men: 374 cases 
and 381 controls 


Men only: 68 cases 
and 68 controls 


326 oases (276 men 
and 50 women) and 
1134 controls 


White men: 63 cases 
and 200 controls 


Men: 107 cases and 
290 controls 


Men: 696 cases and 
3057 controls 


Retrospective study conducted in six cities 

Cases histologically confirmed 

Controls with cancers not related to tobacco consumption 

benign neoplasms and other non-neoplastic conditions 

Poptrlarion-hascd sbufy 

Cases histologically confirmed, ascertained by two 
Ontario hospitals, response rate, 79% 

Neighbourhood controls individually matched (1:1) on 
sex, age (+ 5 years) and area of residence; response rate 
75% 

Hospital-based study ill a major cancer institution 
Cases histologically confirmed 
Controls without cancer or respiratory or digestive tract 
diseases, randomly selected hy 5-year age groups 

Hospital-based study 

Controls with cancers and premalignant skin conditions 
considered not to be related to tobacco or alcohol 
consumption 

Population-based study 

Cases of cancer of the glottis (58%) and supraglottis 
(34%); aged < 75 years, 91 % histologically confirmed; 
response rale, 96% 

Controls matched about 4; I on sex and date of birth; 
response rate, 78% 

Hospital-based study 

Cases ascertained through the M issouri Cancer Registry, 
histologically confirmed 

Controls with colon cancer, matched about 3:1 by area anil 
admission lime period 

Hospital-based study in the Univetsily Hospital in 
Montevideo 

Cases histologically confirmed, aged 30-89 years 
Controls with diseases not related to robaccoor alcohol 
consumption, admitted to the same hospital in the same 
time period 

Population-based study in si s areas in four countries 
Cases of cancer of the endolarynx (61% supraglottic, 39% 
glottic and subglottic); response rate > 80% 

Controls drawn from the local population as i stratified 
sample by sex and 10-year age group: response rate, 56- 
75% 


T ablc 2-14-23 (contd) 


Rt fcrence 

coMito aiu * y“ rs 0 

study 


Number of cases and 
controls 


falke/ail 1989 ) 

USA 

,975-80 


Whiemen-151 cases 
and 235 controls 


franceschi et at 
(1990) 

[uly 

(986-89 


Men: 162 cases and 
1272 controls 


gankaranarayanan Men: 161 cases nnd 

era/. (1990) 546 controls 

India 
1983-54 

Ahrens eto/, (1991) Men: 85 cases and 100 

Cennany c «" rols 

1986-87 


Chui & Kahyo 
(1991) 

Republic of Korea 
1986-89 


Men: 94 cases and 282 
controls; women: 6 
cases and 18 controls 


Criteria for eligibility 


Population-based study 

Cases aged 30-79 years, ascertained from 56 hospitals in 
six counties 

Controls frequency-matched by area of residente, 5-year 
age group and ethnicity 

Hospital-based study in two hospitals 
Cases histologically confirmed, aged < 75 years 
Controls with acute conditions unrelated lo tobacco or 
alcohol consumption from the same hospital, matched by 
area of residence and age (± 5 years) 

Hospital-based study in two major hospitals 

Cases histologically confirmed 

Controls with diagnosis of respiratory, genitourinary and 

gastrointestinal infections without cancer 

Hnspital-basedstudy in a hospital io Bremen 
Cases histologically confirmed (55 incident and 30 
prevalent) 

Controls without cancer and with diseases not related to 
smoking, matched on age 

Hospital-based study in a Cancer Center Hospital in Seoul 
Cases histologically confirmed 
Controls without eancer and tobacco- or alcohol-related 
diseases, matched on sex, year of birth (+ 5 years) and 
admission time period 


Zaenii of at. 
(1991) 

Poland 

1986-87 


Fteudenheim et d 
(1992) 

USA 

1975-85 


Lopez-Abente et til. 
(1992) 

Spain 
1982 85 


Men: 249 cases and 
965 controls 


Men: 250 cases and 
250 controls 


Pupulation-based study 

Cases identified in Lower Silesia, histologically 
confirmed, aged <65 years; response rate, 88% 
ronrnils from the same region, aged 25-64 years; 
response rate, 94% 

Population-based study in three counties in New York 
Cases identified from pathology records of the hospitals, 
Caucasians only; response rate, 30% 

Neighbourhood controls matched on sex, race and age; 
response rate, 48% 


Men: 50 cases and 103 Hospital- and population-based study in Madrid 
C0lll[0 | s Cases of cancer of the glottis {30%) and supraglottis 

(54%); aged < 80 years; response rate, 51 % 

Controls matched on sex and age (f 5 years): 45 hospital 
controls with diseases considered not to be related to 
tobacco or alcohol consumption. 58 population controls 
from the general population selected from the electoral 
roll; response rate, 49% 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Reference 

Countiy and years of 
study 

Number of cases and 
controls 

Criteria for eligibility ' 

Maiertf al (1992b) 
Germany 

1988-159 

Men: 164 eases and 
656 controls 

Hospital-based study in Heidelberg 

Cases of cancer of the glotiis and supraglottis 
histologically confirmed; mean age. years 

Controls with no known tumorous diseases, selected 
randomly from outpatient clinics, matched 4:1 by age 
residential area 

Muscat & Wynder 
(1992) 

USA 

1985-90 

White men: 194 cases 
and 184 controls 

Hospital-based study in eight hospitals in four $tai cs 
Cases of cancer of the glottis (48%) and supraglottis 
(47%), histologically confirmed 

Controls with conditions unrelated to tobacco-induced 
diseases, individually matched on hospital, age (± 5 
and year of interview 

, Zheng etof. (1992c) 

China 

1988-90 

Men: 177 cases and 
269controls; women: 
24 cases and 145 
controls 

Population-based study among residents of urban 
Shanghai 

■ Cases aged 20-75 years; response rate, 76% 

Controls randomly selected and frequency-matched by sex 
and age (5-year groups); response rate, 88% 

Hedberg et al, 

(1994) 

USA 

1983-87 

Men; 185 coses and 

356 controls; women: 
50 cases and 191 
controls 

Population-based study 

Cases had response rate of 81 %. 

Controls randomly selected from the population of same 
area by random-digit dialling and frequency-matched on 
sex and age (5-ycar groups); response rate, 75% 

, Sokic etnl (1994) 

Yugoslavia 

1991-92 

! 

Men: 93 cases and 93 
controls; women: 7 
cases and 7 controls 

Hospital-based study in University Clinical Center in 
Belgrade 

Cases histologically confirmed 

Controls with minor injuries, matched on sex, age (5-year 
groups) and residence 

Tavani rt al. (1994) 

Italy 

1986-92 

| 

Men: 350 cases and 

1373 controls; women: 

17 cases and 558 
controls 

Hospital-based study in the greater Milan area 

Cases histologically confirmed, aged < 80 years 

Controls without cancer and with diseases or conditions 
unrelated to smoking, alcohol consumption or long-term 
dietary modifications, matched by hospital 

Doscmeci etui 
(1997} 

Turkey 

1979 84 

Men: 832 cases and 

829 controls 

Hospital-based study in an oncology treatment centre in 
Istanbul 

Cases histologically confirmed 

Controls with selected cancers not reported to be related to 


smoking Or alcohol drinking (97%) or without cancer (3%) 
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T# ble 2.1.T23 (contd) 


Utter* 1 * 

^, 1 ^ and years of 
simfy 

Number of cases and 
controls 

Criteria for eligibility 

Hljjer&Tisch 

(1997) 

Gfliiany 

1988-49 

Men: 164 cases and 

656 controls 

Hospital-based study in two clinical departments of the 
University of Heidelberg 

Cases histologically confirmed 

Cuiitiuts without cancer, randomly selected from 
outpatients, individually matched (4: l)on age and 
residential area 

IW> 

India 

1980-W 

Men: 427 cases and 

635 controls 

Hospital-based study in Mumbai 

Cases histologically confirmed 

Controls free from cancer, infectious diseases or benign 
tumours, admitted at the same hospital during the same 
period 

ScHecht el al 
(1999) 

Brazil 

[986-89 

Men and women: 194 
cases and 1578 
controls 

Hospital-based study in three metropolitan areas in 
southern Brazil 

Cases histologically confirmed 

Controls without cancer or mental disorders, selected from 
the same or nearby hospitals, matched on sex, age (± 5 
years) and admission period 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2 . 1.4.24. Case—control studies on tobacco smoking and laryngeal cancer 


Reference 

Country and years 
of study 

Smoking categories 

Relative 

risk 

95% Cl 

Burch et at. <1981) 

Cigarettes/day 



Canada 

1-14 

3.0 

1 .4-6.3 

1977-79 

15-24 

3.4 

1.7-6.8 

Graham et ai. (1981) 

£25 

Cigarettes/day 

4.5 

2.2-9.2 

USA 

1 —1 0 

2.1 

p < 0.05 

1957-65 

1 1-20 

4.8 

p <0.005 


21-39 

8.8 

p ^ 0.005 

H-erity et al. (19S2) 

>40 

Tobacco consumption 

8.5 

p < 0.005 

Ireland 

None or light 

1.0 



Heavy 

4.9 

2.6-9.0 


Qlsen etal (1985) 
Den mark 

Tobacco/day (g) 

0-10 

1.0 


1980-82 

1 1-20 

1.7 


Brownson (1987) 

5 21 

Cigarettes/day 

2.3 


USA 

1-19 

2.6 

1.1-6,1 

1984-85 

20—40 

3.7 

1.5-9.2 


40 

7.0 

t .3-37.9 


Comments 


Adjusted for lifetime alcohol consumption 


Adjusted for alcohol consumption. Possible selection bias in 
controls 


p Tor trend < 0.005 

Analysis restricted to abstainers from alcohol a n d light drinkers. 
Consumption of tobacco in pipes and cigars converted into the 
equivalent of cigaretces/day <1 oz tobacco = 25 cigarettes, f cigar = 

7 cigarettes, I cheroot = 2.5 cigarettes). Smokers whose 
consumption was at or below the median are referred to as light 
smokers; those above the median consumption as heavy smokers. 
Possible selection bias in controls 

Adjusted for age, sex and alcohol consumption. One cigarette equals 
I g; otic cigar, 3 g, and a pipeful, 2.5 g of tobacco. Effects of 
smoking cigarettes, cigars and pipe could not be separated. The 
association was similar for the glottis and supraglotlis. 

Adjusted for age and alcohol consumption. Former smokers were 
classified as [-19 cigarettes/day, cigar and pipe smokers as 20-^40 
cigarettes/day. Possible selection bias in controls. Effects of 
cigarette, cigar and pipe smoking could not be separated. 
p for trend < 0.01 


i 


Table 2.1.4.24 (con td) 


Reference 

Country and years 
of Study 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

De Stefani e/.o7. 
(1987) 

Cigarcttcs/day 

0-15 

1.0 


Adjusted for age and alcohol consumption. Reference group might 
not have been appropriate. Controls included patients with diseases 

Uruguay- 

£: 16 

10.9 


possibly related to smoking. 

198 5-S6 

Tuyns et al. (19S8> 

Ever-smoker 

9.9 

6.4-15.4 

Adjusted for alcohol intake, age, place and their interaction. 

France, Italy, Spain 
and Switzerland 

Cigarettes/day 

1-7 

2.4 

1-3-4.3 

The association was stronger (2-3-fold) for the supraglottis than for 
the glottis. 

1973-80 

8-15 

6.7 

4.2-10.7 


Falk, er aL (1989) 
USA 

16-25 

>26 

Cigarettes/day 

1-10 

13.7 

16.4 

5.4 

B.7-21.6 

10.1-26.6 

1.1-27.1 

Adjusted for age, residence, fruit and vegetable consumption, high- 
risk occupations and usual alcohol intake 

1975-50 

1 1-20 

7.0 

2.8-18.0 



21 —30 

6.0 

2.0-17.9 



31=40 
“> 40 

20.8 

19.2 

6.3-68.1 

5.0-73.4 

p for trend < 0.002 


Duration (years) 

For < 20 cigarettes/day 

<35 

35—44 
> 45 

3.4 

7.4 

9.6 

0.9-13.2 

2.4-23.0 

3.2-29.1 

p for trend c 0.00 1 


For > 20 cigarettes/day 

<35 

35-44 

>45 

1 M 

1 1.3 

1 1.3 

3.1-39.2 

3.9-33.3 

3.6-3S.0 

p for trend < 0.00 1 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.24 (contd) 


Reference 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 
of study 


risk 



Franceschl et al. 

Cigarette s/d ay 



Adjusted for age, area of residence, years of education, occupation 

C1990) 

£ 14 

2.2 

1.0-5.2 

and alcohol intake 

Italy 

15-24 

4.8 

2.3-10.4 


1986—89 

>25 

Duration (years) 

7.1 

3.3-15.4 

p for trend <0.01 


1-29 

1.9 

0.8-4.4 



30-39 

5.2 

2.4—1 1.5 



2 40 

7.2 

3.3-15.6 

p for trend < 0.01 


Age at starting smoking 
(years) 





> 25 

2.4 

1.0—5.7 



17-24 

5.1 

2.4-10.y 



< 17 

6.5 

3.3-14.3 

p for trend <0.01 

San Kara narayanan cr 

Current smoker 

1.4 

0.8-2.4 

Adjusted for age and religion 

Q}. (1990) 

Duration (years)’ 



Further adjusted for duration of alcohol and bidi consumption and 

India 

< 20 

1.6 

0.3—7.7 

daily consumption of cigarettes and bidis 

1983-84 

> 20 

5.2 

2.2-12.0 

p for trend < 0.005 

Ahrens <7/ (1991) 

Current smoker 

3.8 

0.96-14.7 

Adjusted for age; possible selection bias, only 3 cases and 9 controls 

Germany 

Pack—years 



were nonsmokers, 20 cases and 18 controls smoked both cigarettes 

1986-87 

6-29 

2.6 

1.0-6.6 

and pipe/cigars. 


> 30 

3.0 

1.1-7.9 

'Further adjusted for alcohol intake 


Table 2.1.4.24 (contd) 

Reference 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 
of study 


risk 



Choi & Kahyo 

Former smoker 

2.2 

0,6—8.4 

Selection bias could not be excluded. 

(1991) 

Current smoker 

5.4 

2. J—14.3 


Republic of Korea 

C i gar ettes/ day 




1986-89 

1-20 

3.7 

1.3-10.0 



21—40 

10.6 

3.8-29.9 



a 4i 

27.3 

5.3-141.9 



Duration (years) 





1-19 

3.8 

1.3-23.6 



20-39 

4.8 

2.0-15.7 



>40 

5.6 

1.8-12.9 



Age at starting smoking 
(years) 





£25 

6.6 

2.1-21.1 



18—24 

5.2 

2.0-13.9 



£ 17 

3.8 

1.2-12.1 


Zatonski et al. 

Cigarettes/day 



Adjusted for age, residence and education 

( l 991) 

0-5 

1.0 

— 


Poland 

6-10 

8.4 

1.5-46.0 


1986-87 

11-15 

18.1 

3.9-83.2 



16-20 

29.9 

7.0-128.0 



2 2-30 

33.7 

7.6-150.0 



> 30 

59.7 

13.0-274.0 



Age at starting smoking 
(years) 





> 22 

0.6 

0.3—! .2 



16-22 

\.o 

- 



< 16 

1.3 

0.7-2.23 



> 

P=> 

D 

8 

3 


3Z 

tn 


n 

o 


ft 

--I 



n 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.4.24 (contd) 


Reference 

Smoking categories 

Relative 

95% CJ 

Comments 

Country and years 
of study 


risk 



Freudenheim e7 al. 

Pack—years 



Adjusted for alcohol consumption and education. Response rates loo 

(1992) 

1-12 

2.0 

0.7—5.9 

low; possibility of selection bias 

USA 

13-29 

2.0 

0.8-5.3 


1975-85 

30—4S 

5.1 

1.9-13.6 



■> 46 

12.6 

5.0-31.5 

p for trend ■< 0.001 

L9pe2-Abente et al. 

Cigarettes/day 



Adjusted for age. alcohol intake and occupation. Low response rates. 

(1992) 

0-9 

1.0 


small sample size; reference groups may have been inappropriate. 

Spain 

10 19 

1.9 

0.6-6.0 

The association was stronget for the suprugloLLis than for the glottis. 

1982-85 

20-29 

2.2 

0.6-8.0 



£30 

Duration (years) 

4.3 

1.2-15.4 

p for trend = 0.02 


0-20 

L,0 

— 



21-40 

3.6 

0.7-19.6 



a 4i 

Pack -years 

13.7 

2.3-82.6 

p for trend — 0.001 


^ 19 

1.0 

— 



;> 19-41 

3-3 

0.98-10.8 



5-41 

4.5 

1.4—14,9 

p for trend = 0.02 

Maier et al. (1992b) 

Pack—years 



Adjusted for alcohol consumption. Smokers in case and control 

Germany 

5-50 

5.6 

2.9-10.9 

groups included 3.5% and 9.5% of cigar or pipe smokers, 

19S8-S9 

> 50 

9.1 

4.5-18.7 

respectively. The association was much stronger (10-fold) for the 
supraglottis than for the glottis. 

Muscat & Wynder 

Former smoker 

4.8 

1.7-13.0 

Adjusted for age. education, alcohol and Quetelet index. 

(1992) 

Current smoker 

13.8 

2.3-27.1 

The association was stronger (3—4-fold) for the supraglottis than fur 

USA 

Cigarettes/day 



the glottis. 

1985-90 

I -20 

10.3 

3,6—29.4 



21-40 

38.5 

12.1-122 



.aii. .jr.-—...j t. ,’r ,>) ik 


Table 2.1.4.24 (contd) 


Reference 

Country and years 

of study 

Smoking categories 

Relative 

risk 

95% C) 

Comments 

Zheng ct al. (1992c) 

Men 



Adjusted for age and education 

China 

Ever-smoker 

S.7 

3.8-19.6 


1988-90 

Cigarettes/day 





< IO 

1.6 

0.5—4.9 



10-19 

7.1 

3.1-16.G 



20 

12.4 

4.6-33.2 



> 20 

25.1 

9.9-63.2 

p for trend < 0.01 


Pack—years 





< 10 

1.4 

0.4—4.5 



10-19 

2.9 

1.1-7.9 



20-29 

3.1 

1.1-8.6 



30-39 

15.4 

6.0-39.6 



> 40 

25. t 

10.3-61.2 

p for trend <0.01 


Duration (years) 





<20 

1.4 

0.4—4.6 



20-29 

4.1 

1.6-1 1.1 



30-39 

12.0 

4.8-30.1 



> 40 

13.2 

5.6-31.2 

p tor trend < 0.01 


Women 





Pack-years 





1-9 

9.4 

2.4-37,2 



2r 10 

20.2 

5.3-76.9 



3006392225 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.24 (contd) 


Reference 

Country and years 
of study 

Smoking categories 

Relative - 
risk 

95% Cl 

Hedberg et al. 

Never-smoker + quit 



(1994) 

£ 15 years 

1.0 


USA 

Former smoker 



1983-87 

(< 15 years) 

2.5 

1.4-4.3 


Cigarettes/day 




<20 

6.3 

3.1-1 1.8 


20-39 

10.6 

6.5-18.7 


>40 

23. L 

9.4—52.6 

Soktc etal (1994) 

S 10 years 

5.5 

0.6-51.6 

"V ugoslavia 

> 10 cigarettes/day 

18.2 


1991-92 




Tavani et al. (1994) 

Men 



Italy 

Moderate smoker 

3.3 

1.9-5.5 

19S6—92 

Heavy smoker 

8.8 

5.2-14.8 


Women 




Current smoker 

23.9 

5.2-1 10.9 


Comments 


Adjusted for age, sex, alcohol consumption and score in alcoholism 
screening test 


Multivariate regression model with 25 variables including cofTcc. 
alcohol consumption, dietary factors, working conditions, exposure 
to secondhand smoke and health status; relatively small sample size; 
referent group not specified 

Adjusted for centre, age, education, alcohol intake and |3-carotene 
index. Moderate smokers included former smokers, pipe and/or 
cigar smokers and current smokers of < 15 cigarettes/day. 

Estimates in women based on a small number of cases 
p for trend in men < 0.001 


Table 2.1.4.24 (contd) 


Reference 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and years 


risk 



of study 






Dosemeci et aL 
(1997) 

Ever-smoker 

Cigarettes/day 

3.5 

2;6^1.4 

Turkey 

1-10 

1.6 

0.9—2.6 

1979-84 

11-20 

3.5 

2.6-4.8 


a 21 

Pack—years 

6.6 

4.2-10.3 


1-10 

1.9 

1.3-3.0 


11-20 

4.4 

2.9-6.7 


£ 21 

Duration (years) 

6.0 

3.8-9.5 


1-10 

l. i 

0.6-1,9 


11-20 

4.8 

3.1-7.4 

Maier & Tisch 

>21 

T ob rcco— y ears 

4.1 

2.8—6.0 

(1997) 

<5 

1.0 


Germany 

5-19 

4.0 

1.7-9.2 

1988-S9 

50-74 (sic) 

6.3 

3.0-13.3 


75-99 

7.8 

3.6-16.7 


& 100 

9.5 

4.6-19.6 

Rao et al. (1999) 
India 

1980-84 

Current smoker 

1.5 

0.9-2 .4 

Sehlecht et al. 

(1999) 

Current smoker 

Pack—years 

11.7 

4.4-3 l.S 

Brazil 

1-20 

8.2 

3.0-22.6 

1986-89 

2 1—40 

9.4 

3.3-26.7 


>40 

16.3 

5.3—49.8 


Adjusted for age and alcohol 


p for trend < 0.001 


p for trend < 0.001 


p for trend < 0.001 

Adjusted for alcohol. Tobacco—year defined as 20 cigarettes or 

4 cigars or 5 pipes/day for 1 year. Reference group included light 
smokers; effects of cigarettes, cigars and pipes could not be 
separated. The categories of tobacco—years are not continuous and 
appear surprisingly high. 

Adjusted for age and area of residence. Bidi smoking was more 
common than cigarette smoking in the study area. 

Adjusted for age, sex, study location, admission period, alcohol 
consumption, race, beverage temperature, religion, wood stove use 
and consumption of spicy food. One pack = 20 manufactured 
cigarettes ” 4 hand-rolled, black tobacco cigarettes = 4 cigars = 

5 pipefuls with regular pipe tobacco. Possible selection bias in 
controls 


Cl, confidence interval 


3006392 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.25. Case-rontru] studies on tobacco smoking and laryngeal cancer: smoking cessation 


Reference Subjects 

Country and years of 

study 


No: of years since quitting Relative 95% Ci 
risk 


Comments 


Tuyns el al. (19S8) 
France, Italy, Spain 
and Switzerland 
1973-80 

Falk el al. (1989) 

USA 

1975-80 


Franceschi 
el al. (1990) 
Italy 

1986-89 


Men with 

Current smoker 

10 


cancer of the 

1—4 

1*5 

1.2-2.0 
0.3—0.8 

endolarynx 

5-9 

0.5 


& 10 

0.3 

0.2-0.4 

Men 

3-9 years ' cessation 
Cigar ettes/day 

1-10 

3.0 

0.2-40.2 


l 1-20 

3.6 

0.S-15.R 


21-30 

4.0 

0.6-29.5 


31-40 

7.2 

l .0-54.3 


> 40 

10.9 

1.8-68.5 


S JO years' cessation 
Cigarettes/d ay 

1-10 

2.8 

0.7-10.7 


11-20 

1.2 

0.4—4.0 


21-30 

1.0 

0.2—6.4 


31-40 

3.1 

0.4-22.4 


> 40 

3.5 

0.6-19.1 

Men 

c 10 

4.6 

2.0-10.4 


£ to 

1.2 

0.4-3.3 


Nonsmoker 

1.0 



Adjusted for alcohol intake, daily cigarette 
Consumption, use of filter, type of tobacco 
and degree of inhalation 

Adjusted for age, area of residence, fruit and 
Vegetable consumption, high-risk 
occupations and usual alcohol intake 


p for trend < 0.002 


p for trend = 0.088 

Adjusted for age, area of residence, years of 
education, occupation and alcohol intake 




Table 2.1.4.25 (contd) 


Reference 

Country and years of 
study 

Subjects 

No. of years since quitting 

Relative 

risk 

95% Cl ‘ 

Comments 

Ahrens et al, (1991) 

Men 

Current smoker 

3,8 

0.96-14,7 

Adjusted tor age; only 3 cases and 9 

Germany 


1-5 

2.4 

0.5-12.9 

controls were nonsmokers. 

1986—87 


6-15 

1.4 

0.3-7.4 




> 16 

0.9 

0.2-4.3 

p for trend < 0.001 

Choi & Kahyo (1991) 

Men 

Current smoker 

1.0 

- 

Selection bias could not be excluded. 

Republic of Korea 


l^t 

0.7 

02-2.2 


1986-89 


5-9 

0.4 

O. 1-3.0 




£ 10 

0.2 

0.03-1.02 


Zatonski el al. (1991) 

Men 

Current smoker’ 

1.0 

_ 

Adjusted for age, area of residence and 

Poland 


5-10 

0.8 

0.3—1.8 

education 

1986—87 


> 10 

.0.3 

0.1-0.6 

'including former smokers who had quit 



Nonsmoking period of 



Within the preceding 4 years 



> 6 months 






No 

1.0 

— 




Yes 

0.2 

0.1-0.5 


Lopez-Abetlte el al. 

Men 

Current smnker 

1.0 

_ 

Adjusled for age, packs of cigarettes 

(1992) 


1 

1.2 

0.3-5.5 

smoked over lifetime, alcohol consumption 

Spain 


2-5 

0.7 

U.2-2.9 

and occupation; iow response rate, small 

1982-85 


6-15 

0.8 

0.2-3.0 

sample size 



> 15 

0.5 

0.1-3.2 

p for trend = 0.43 

Zheng et al. (1992c) 

Men 

< 2 or current smoker 

1.0 

- 

Adjusted for age- and education 

China 


2-4 

1.8 

0.6—4.9 


1988-90 


5-9 

0.6 

0.2-1.5 




> 10 

0.6 

0.3-1.2 


Schleeht et al. (1999) 

Men 

Current smoker 

10.2 

3.7-27.9 

Conditional logistic regression (matching 

Brazil 


£ 5 

I 1.8 

3.7-38.0 

variables: age, sex, location and admission 

1986—89 


6-10 

5.0 

1.3-19.’ 

period) adjusled for alcohol and tobacco 



1 1—1 5 

6.6 

1.0-42.1 

consumption 



> 15 

1.3 

0.3-6.0 



Cl, confidence interval 


3006392227 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.26, Case—control studies on tobacco smoking and laryngeal cancer: type of tobacco and/or 
cigarette 


Reference 

Subjects 

Type of tobacco 

Relative 

95% Ci 


Country and 
years of study 



risk 



Wynder & 

Stell man (1979) 

Men 

Untipped vs filter 

1.5 

1.1-2.1 

Adjusted for duration, intensity and alcohol 

consumption 

USA 

1969-76 

Women 


4.0 

2.0—7.7 


De Stefani et at. 

Men 

Dark tobacco 



Adjusted for age; controls included patients 



AH smokers 

35.4 

20.8-60.3 

with diseases possibly related to smoking. 

Uruguay 


Cigarettes/d ay 



1 985-86 


1-10 

1.0 

_ 




11-20 

24.6 

9.0—67,4 




>21 

59.2 

25,5-137.3 




Age at starting smoking 
(years) 






> 15 

12.3 

4.6-32.4 




£ 15 

100.1 

49.6-202.4 




Light tobacco 






All smokers 

Cigarettes/day 

14.7 

7.8-27.6 




1-10 

3.0 

— 




1 1-20 

14.5 

5.3-39.4 




> 21 

24.7 

7,8-78.4 




Age nt starting smoking 
(years) 






> 15 

5.0 

1.5—J 6.2 




£ 15 

53.4 

22.4-117.9 

•i ....W 


Table 2.1.4.26 fcontd) 


Reference 

Country and 
years of study 

Subjects 

Type of tobacco 

Relative 

risk 

95% CI 

Comments 

Tuyns et al. 

Men 

Use of filter 



Adjusted for alcohol intake, daily cigarette 

(1988) 


Only plain 

1.0 

— 

consumption ami variables analysed 

France, Italy, 


Plain > filter 

0.9 

0.7-1.2 


Spain and 


Plain < fiLter 

1.03 

0.8—1.4 


Switzerland 


Only filter 

0.5 

0.3—0.8 


1 973-80 


Type of tobacco 






Only blond 

1.0 

— 




Blond > black 

1.6 

0.9-2.7 




Blond < black 

1.7 

l .0—2.7 




Inhaler 

1.0 

_ 




Non-inhaler 

0.7 

0.5-0.9 


Falk etal. (1989) 

Men 

Hand-rolled 

20.1 

S.4—74.6 

Adjusted for age, residence, fruit and 



Filter l untipped 

13.9 

5.1-38.1 

vegetable consumption, high-risk occupation 

1975-80 


Untipped only 

9.0 

3.2-25.1 

and usual alcohol intake 



Fitter only 

5.9 

2.4-54.4 


Lopez-Abente 

Men 

Type of tobacco 



Adjusted for age, packs of cigarettes smoked 



Blond 

1.0 

— 

over lifetime, alcohol consumption and 

Spain 


Mixed 

2.4 

0.4-14.9 

occupation, low response rate, small sample 



Black 

2.6 

C.4-15.2 

size 

Schlecht et 

Men 

Ncver-smoker 

1.0 

- 

Conditional logistic regression (matching 



Filter-tipped cigarettes 

8.4 

3.1-22.8 

variables: age, sex. study location and 

Brazil 


Untipped cigarettes 

12.2 

4.1-35.9 

admission period) adjusted for cumulative 

1986-89 


Black tobacco (pack—years) 



alcohol and tobacco consumption, race. 



1-20 

7.3 

2.4-22,4 

beverage temperature, religion, wood stove 



21-40 

8.9 

2.9-27.2 

use and consumption of spicy food 



>40 

8.5 

3.0-23.9 



Cl, confidence interval 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1,4.27. Cohort studies on tobacco smoking and cancers of the upper aerortigestive tract 


Referen ce 
Country and 
years of study 

Subjects 

Cancer site 
[CD code 

Smoking categories 

Number of 

cases 

Relative risk 

95% C! 

Comments 

Hammond & 
Horn (1958) 
USA 

1952-55 

American Cancer 
Society Study 

1 87 783 men 

Lip, tongue, 
oral cavity, 
pharynx, 
larynx, 
oesophagus 

Current smoker 
Cigarcttes/day 

1-9 

10-20 

>21 

84 

7 

21 

21 

Mortality ratio 

7.0 

7.8 

7.0 

10.5 



Doll et at. 
(1980) 

UK. 

1951-73 

Rritish Doctors’ 
Study 

6194 women 

Upper 

respiratory 

sites 

Nonsmoker 

Former smoker 
CigareUes/doy 

A 

Mortality rate 

2 

3 


Annual mortality rate per 

1 00 000 women 


1-14 

15-24 

Z25 


p for trend < 0.05 


Hammond & 

Seidman 

(1980) 

USA 

1967-71 

Kono et a!. 
(1987) 

Japan 

1965-83 

Cancer Prevention 
. Sludy 1 

358 422 men and 
483 519 women 

Japanese 

Physicians’ 

Study 

5477 men 

Oral cavity, 
pharynx, 

larynx 

Oral cavity, 
nasal cavity, 
pharynx, 
larynx 

ICD-8: 140- 
150, 161 

Regular smoker 

Men 

Women 

Cigarettes/day 

1-19 

>20 

18 

Mortality ratio 

6.5 

3.3 

1.2 

3.0 

0.3—4.5 
0.9-10.4 

Adjusted for age and alcohol 
drinki ng 

Table 2.1.4.27 (contd) 

Reference 
Country and 
years of study 

Subjects 

Cancer site 
TCD code 

Smoking categories 

Number of 

cases 

Relative risk 

9 5Vo Cl 

Comments 

Akiba & 

Six-prefecture 

Oral cavity 

Men 




Adjusted for age. prefecture of 

Hirayama 

Study 

JCD-7: MO- 

Current smoker 

64 

2.5 

1.3-5.7 

residence, occupation and 

(1990) 

122 261 men and 

149 

C i garettes/day 




observation period 

Japan 

142 857 women 


1-14 

25 

2.2 

1.0-5.2 


1966-81 



15-24 

32 

2.7 

1.3-6.3 





25-34 

5 

4.2 

1.3-12.8 





£ 35 

2 

4.0 

0.6-16.2 

p for trend = 0.002 




Women 








Current smoker 

5 

)-3 

0-5—3,2 


Tomita et at. 

37 646 men 

Lip, oral 


888 

Mortality rate 


Annual mortality rates per 

(1991) 


cavity, 

Non smoker 


0.19 


10 00(1 persons 

Japan 


pharynx 

Former smoker 


0.38 


Average 6.7 years of I'ollow-up 

1975-85 



Cigarettes/day 








15-24 


0.41 






25-34 


1.34 






£35 


0.S9 



tCullcr ct at- 

MRFIT Study 

Mouth and 



Mortality rate 


Annual mortality rates per 

(! 991 > 

361 662 men 

larynx 

Nonsmokcr 

35 

1.5 


10 OOO persons 

USA 


ICD-9: MO- 

Cigareu.es/day 




Reference group includes 

1972-82 


149; 161 

J —15 

9 

3.4 


former smokers at first screen. 




16-25 

30 

7.0 


Relative risk adjusted for age. 




26-35 

24 

9.5 


diastolic blood pressure, serum 




36—45 

39 

17.3 


cholesterol level and race 




>46 

16 

21.1 


(bl ac k/non -b 1 ack ) 






Relative risk 






Current smoker 


6.6 

p <- 0.0001 


Akiba (1994) 

Life Span Study 

Oral cavity. 


69 



’[Upper limit not obtained] 

Japan 

61 50S survivors 

pharynx 

Former smoker 


0.4 

0.1-1.2 


1968-87 


ICD-9: MO- 

Current smoker 


1.1 

0.6—' 




49 







3006392229 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


l ARC MONOGRAPHS VOLUME H [ TOBACCO SMOKE 



Table 2.1.4.27 (contd) 


Reference Subjects 


Reference 
Country and 
years of study 

Doll et al. 
(1994) 

UK 

145V-91 


British Doctors’ 
Study 

34 439 men 


Cancer site 
ICD code 

Upper 

respiratory 


Smokuig caicgori es 


Nonsmoker 
Former smoker 
Current smoker 
Cigarettes/day 

1-14 
15-24 
2: 25 


Yuan et al. 
(1996) 
Chtna 
1936-1993 


Shanghai Men’s 

Study 

I S 244 men 


JCD-9: 140— 
150; 161 
Head and 
neck [CD-9: 
140-149; 

16k . 


Ever-smoker 
Current smoker 
Cigarettes/day 


Number of 

cases 


Chyou et al. 

A met i can Men of 

Upper aertv 

Former smoker 

21 

(1995) 

Japanese Ancestry 

d igestive 

Current smoker 

59 

USA 

Study 

tract 

Cigarettes/day 


(Hawsi i) 

7995 men 

ICD-S: 140- 

1-20 

13 

1965—68 


149;150; 

21-29 

31 



16 L 

>30 

35 




Duration (years) 





1-24 

18 




25-34 

35 




>35 

25 

Morale et al. 

Chiba Center 

Oral cavity. 

Ci garettes/da y 


(1996) 

Association Study 

. pharynx, 

l-lfl 


Japan 

17 200 male 

oesophagus. 

11-20 


1934-93 

participants 

laryiiA 

> 21 



Mortality r 
1 
3 
24 


95% Cl Comments 


Annual mortality rate per 
100 <X>0 men 


p for trend < 0.05 

0.8-3.5 Adjusted for age and alcohol 

1.7—5.9 intake 

0.99-4.8 
1.2-4.7 

1.5-5.8 p for trend - 0.002 

0.97-4.3 

1.4— 5.3 

1.5- 5.9 p for trend = 0.0006 


p < 0.05 p for trend < 0.05 


p < 0.05 Adjusted lor age and alcohol 

consumption 


Table 2.1.4.27 (contd) 






Reference 
Country and 
years of study 

Subjects 

Cancer site 
ICD code 

Smoking categories 

Number of 

vases 

Relative risk 

95% CI 

Comments 

Engeland el al. 

Morwegjan Cohort 

Upper nera- 

Former smoker 

IS 

0.5 

0.3-1.1 

Analysis for men only because 


Study 

digestive 

Current smoker 




of the small number of cases in 

Norway 

26 1 32 men and 

tract 1CD-7: 

C Lgarett s s/dav 




women 

1966-93 

women 

141;143- 

1-4 

12 

1.2 

0.6-2.7 




148;150; 

5-9 

9 

1.1 

0.5—2.7 




161 

10-14 

16 

1.8 

0.9-3.8 





> 15 

16 

5.4 

2.5-12.0 


Nordlund et al. 

Swedish Census. 

Upper aero- 


94 



Adjusted for age and place of 

(1997) 

Study 

digestive 

Former smoker 


0.9 

0.2-3.8 

residence 

Sw eden 

26 000 -women 

tract 

Current smoker 


2.1 

l .3-3,6 


1964-89 


I CD-7: 141; 

Cigarettes/day 







143-148; 

1-7 


1.6 

O.S-3.3 




ISO;161 

8-15 


3.2 

L.6U6.6 





:> 16 


1.9 

0.5—7.9 





Age at staning smoking 








(years) 




Further adjusted for amount 




=> 23 


1.0 

- 

smoked daily 




20-23 


0.4 

O.L-2.0 





< 19 


1.0 

0.3-2.8 

p for trend — 0.777 


3006392230 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.27 (cimtd) 


Reference 
Country and 
years of siuriy 


Subjects 


Cancer site Smoking categories 
(CD- code 


Kjaetbeini 
ef a/. (1998) 
Norway 
1968-92 


Liaw & Chen 
(1998) 

China, 
Province of 
Taiwan 

1932—94 


Taiwanese Study 
I 1 696 men and 
3301 women 


Number of 
cases 


Relative risk 


Upper aem- 

digesrivc 

tract 

tCD-7: 141; 
143;144; 
145. 

:47. 148, 
156. 161 


Lip, oraL 
cavity and. 
pharynx 


CL confidence iniervol 

--4---— 


Nevw/occas ianal 
smoker 

5 

1.0 

OfH.8 

Former smoker 

1I 

1.7 


Current smoker (g/rfay) 

< 15 

34 

2.6 

1.0—6.8 

> 15 

15 

4.7 

1.7-13.2 

Never/occas io»a 1 

4 

1.6 


smoker 

Former smoker 

1 1 

2.0 


Current smoker {g'day* 

< IS 

30 

2.7 

1 .0-7.7 

2: 15 

15 

4.4 

1.4-13,5 

Current smoker 

Cigarattes/day 

13 men 

D women 

4.2 

0.5-32.9 

< 10 


2.3 

0.2-25.5 



4.7 

0.6-3S.8 

>26 


7.5 

0.7-86.7 

Duration (years) 

21-30 


6.0 

0.6-55.2 

>30 

Age ot starting smoking 


4.5 

0.5-38.4 

(years) 

< 20 


5.7 

D.7-46. | 

> 24 


4.5 

0.5-43.5 

Pack—years 

S20 


t .9 

0.2-21.2 

20-40 


3.9 

0.4-34.4 

> 4 ] 


11-6 

1.2-109.1 


Adjusted for age and alcohol 
consumption 

All categories include smoker: 
ctf cigarettes or pipes. 
p for ircnd < 0.002 

Further adjusted for diet 
(consumption of oranges and 
bread) 


p far trend. ™ 0.005 
Similar results were obtained 
for cigarettes and pipes 
analysed separately 

1CD-9 was used, but no cades 
were reported. 

Adjusted for age and alcohol 
consumption 

p for trend = 0.05 
p for trend = 0.08 

p for trend — 0-11 

p for trend = 0.01 


Table 2. 1.4.28. Case—control studies on tobacco smoking and cancers of the upper aero digestive tract: main characteristics 
of study design i. 


Reference 
•Country find years 
of study 


Number of cases and ctjtttrols 


Criteria for eligibility and comments 


Blot eta!. (1988) 
USA 
1984—85 


Ferraroni et at. (1989) 
Italy 
L9?3-88 


Merletti el at. (1989) 

Italy 

1922—84 


Talamini era!. (1990) 

Italy 

1986-89 


Barra at a!.( 199] ) 

Italy 

1985-90 


Men: 762 cases and 837 
controls; women: 352 cases and 
43 I controls 


Men: 43 cases and 1334 
controls; women: 7 cases and 
710 controls 


Men: 86 cases and 385 controls; 
women; 36 cases and 221 
controls 


Men: 29 J cases and 1272 
controls; women: 45 cases and 
330 coiurols 


Men: 236 cases, 577 cancer 
controls and 1122 non-cancer 
controls; women: 36 cases. 446 

cancer controls end 762 non¬ 
cancer controls 


Population-based study in four regions 

Ir.cicent cases of pathologically confirmed oral and pharyngeal cancer identified through 
local cancer registries; aged 18—79 years; 75% of all incident, cases 
Controls selected by random-digit dialling (aged 18-64 years) and from Health Care 
Financing Administration rosters (aged 65—79 years), frequency-matched by age, sex and 
race 

Hospital-based study in four hospitals in Milan 
Cases confirmed histologically, aged <, 75 years 

Controls with traumatic, non -traumatic orthopaedic and acute surgical conditions and ear, 
nose, throat, skin and dental disorders included; malignant tumours, digestive tract 
disorders and coffee-, alcohol- or tobacco-related conditions excluded; median age, 56 
years 

Pop ul at ion-based study 

Cases histologically confirmed as squamous invasive carcinoma 

Controls selected from random samples, of files of residents of Turin stratified by sex and 

age 

Hospital-based study in two areas oFnorthern Italy; study restricted to abstainers from 

alcohol 

Cases histologically confirmed as cancer of oral cavity (1 83) or pharynx (I 53) 

Controls: patients from the same hospitals admitted for acute illnesses, without malignant 
tumours or conditions related to tobacco or alcohol consumption 
Hospital-based study in the Pordenone province 
Cases histologically confirmed 

Cancer controls with cancers not related! to tobacco or alcohol consumption: colorectal, 
refill CCll, prostate, thyroid, and h item ato logic a L 

Non-eancer controls admitted for acute illnesses, without malignant tumours or conditions 
related to tobacco or alcohol consumption 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,1,4.28 (contd) 


Reference Number of cases and controls 

Country and years 
of study 

La Vecchia et al. (1991) Men: 89 cases and 875 controls; 

Italy women: 16 cases and 294 

1987—89 controls 


De Stefant et al. (1992) Men: 109 cases and 273 controls 
Uruguay 

1988-90 

Francesch i et al. (1992) Men: 104 cases and 726 controls 

Italy 

1986-90 


Marshal] et al (1992> 
USA 
1975—83 


Zheng et al. (1992a) 
China 
1988-90 

Day et al. (1993) 

USA 

1984-SS 


Men: 201 cases and 201 
controls; women: S9 cases and 
89 controls 


Men: 115 cases and 269 
controls; women: 89 cases and 
145 controls 
Men: 729 cases and 7S5 
controls, women; 336 cases and 

397 controls 


Criteria for eligibility and comments 


Hospital-based study in five hospitals in Milan 

Incident cases of histologically confirmed oral (35) or oropharyngeal (70) cancer, aged 
<75 years 

Controls admitted for acute, non-neoplastic or digestive diseases unrelated to alcohol or 
tobacco consumption; aged 21—74 years 

Hospital-based study In a cancer institute 
Cases of cancer of the mouth and pharynx 

Controls with diseases unrelated to tobacco or alcohol use, admitted to the same hospital 
during the same time period 

Hospital-based study in the Pordenonc province and the greater Milan area (Lombardy 
region) 

Cases histologically confirmed 

Non-cancer controls admitted to the same hospitals for acute illnesses unrelated to 
tobacco or alcohol consumption 
Population-based study 

Cases from 20 major hospitals in three New York counties, histologically confirmed (90% 
squamous-cel] carcinoma) 

Controls selected by sampling dwellings, individually matched on neighbourhood, age 
and sex 

Population-based study in the ufoan Shanghai area, linked to the Shanghai Cancer 
Registry 

Controls randomly selected from the Shanghai Resident Registry 
Population-based study in four regions 

Incident cases of histologically confirmed oral and pharyngeal cancer identified through 
local cancer registries - 

Controls selected by random-digit dialling (aged J 8—64 years) and Health Care 
Administration rosters (aged 65—79 years), frequency-matched by age. sox and race 


Table 2.1.4.28 (contd) 


Reference 
Country and years 
of study 

Kune et al. (1993) 

Germany 

1982 

Mashberg et al. (1993) 
USA 
1972-83 

Negri et al. (1993) 

Italy 

1984—92 

Spitz et al. (1993) 

USA 

1987 - 91 

De Stefani et al. (1994) 
Uruguay 

1988- 92 


Kabat et al. (1994) 

USA 

1977-90 


Number of cases and controls 


Men: 41 cases and 398 controls 


Men: 359 cases and 2280 

controls 


Men; 372 cases and 1575 
controls; women: 67 cases and 
531 controls 

Men: 70 cases and 70 controls; 
women: 3S cases and 38 
controls 

Men: 246 cases and 253 controls 


Men: 1097 cases and 2075 
controls; women: 463 cases and 
873 controls 


Criteria for eligibility and comments 


Population-based study 

Incident cases of histologically confirmed squamous-cell oral and pharyngeal cancer at a 
general hospital in Heidelberg; mean age, 64 years 

Community controls from Melbourne Colorectal Cancer Study; mean age, 65 years 
Hospital-based study in a veterans' medical centre in New Jersey 

Cases histologically confirmed as invasive squamous-cel] carcinoma or carcinoma in situ 

Controls without evidence of cancer or dysplasia of the pharynx, larynx, lung ot 

Oesophagus 

Hospital-based study 

Cases histologically confirmed 

Controls: patients admitted to the same network of hospitals for acute, non-neoplastic, 
non-digestive conditions 
Populatiombascd study in Texas 

Cases histologically confirmed as squamous-cell carcinoma 

Controls selected from blood and platelet donorg, matched on age, §ex and ethnicity 
Hospital-based study in a cancer institute 

tncidem cases of histologically confirmed squamous-cell carcinoma of the oral cavity and 
pharynx, aged 40—89 years: participation rate, 100% 

Controls free of benign oral tumours, non-neoplastic conditions of the mouth and 
pharynx, digestive diseases, or diseases related to tobacco and alcohol consumption; 
frequency-matched by age; participation rate, 100% 

Hospital-based study in 28 hospitals in eight cities 
Cases histologically confirmed 

Controls: patients with diseases unrelated to tobacco or alcohol consumption, and without 
history of tobacco-related cancer, matched on age, sex, race, hospital and date of 
interview 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.28 (contd) 


s 


Reference 

Country and years 
of study 


Number of cases and controls Criteria for eligibility and comments 


Muscat (ft of. (1996) 
USA 
L981-90 


Men: 687 cases and 619 
controls; women: 322 cases and 
304 controls 


Sanderson et al. (1997) Women: 303 cases 
Netherlands 
I 980-90 


Lew in et a!. (1998) Men: 545 cases and 641 controls 

Sweden 

1988-91 


Tala mini et al. (1998) Men: 10 cases and 79 controls; 

Italy and Switzerland women: 22 cases and 14S 

1992—97 controls 


Rao el al. (1999) 678 cases and 635 controls 

[ndia (men only) 

1980-84 


Bosetti at al. (2000) Women: 195 cases and 1 113 

Italy and Switzerland controls 

1984—97 


Hospital-based study 
Coses histologically confirmed 

Controls with conditions unrelated to tobacco use, identified from daily hospital 
admission logs, matched on sex, age, race and date of admission 
Population-based study 

Cases of squamous-cell carcinoma of the oral cavity and oropharynx 

Controls: data from a large national survey on public health conducted by the National 

Central Bureau of Statistics; matched on sex and age 

Population-based study in two areas 

Cases identified at weekly conferences at al! ear, nose and throat departments in the study 
area (90%) and from regional cancer registers (10%); aged 40-79 years; 90% elicible 
cases 

Controls selected by random sampling from a population register stratified by region and 
age; response rate, 85% 

Multicentre hospital-based study; analysis restricted to abstainers from alcohol 
Cases histologically confirmed 

Controls admitted for acute non-neopiastic conditions unrelated to alcohol consumption 
or tobacco use 

Hospital-based study in Mumbai 

Cases of cancer of the oral cavity and pharynx 

Controls with infectious diseases and benign tumours, free from cancer, admitted during 
the same period as controls [no matching] 

Two multicentre hospital-based studies 
Cases histologically confirmed 

Controls admitted for acute non-neoplastic conditions, frequency-marched by age and 
residence 


O 

z 

O 


a, 

2 



Table 2.1.4.28 (contd) 


Reference 
Country and years 
of study 


Diksbit & Kanhere 
( 2000 ) 

India 
1986-92 

More no-Lopez et at. 
( 2000 ) 

Spain 

Zavras et al (2001) 

1995-98 


Number <?f cases and controls 


Criteria for eligibility and comments 


Men: 247 cases and 260 controls 


Men: 63 cases; women: 12 cases; 
150 controls 


Men: 68 cases and 69 controls; 
women; 42 cases and 46 controls 


Population-based study in Bhopal 

Cases of oropharyngeal canter collected by a popul atiotl-based cancer registry 
Controls randomly selected from a group of 250Q men surveyed for tobacco habits in the 
general population, stratified by age 

Hospital-based study in three hospitals in the Madrid community 

Cases histologically confirmed 

Controls selected from healthy subjects with no history of cancer or oral disease, in health 

care centres corresponding to the hospitals 

Hospital-based study in three university hospitals in Athens 

Cases histologically confirmed 

Controls hospitalized for conditions unrelated to cancer, matched on age and sex 


2 ! 

O 

?< 


& 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.4.29. Case—control studies on tobacco smoking and cancers of the upper aerodigestive tract 


Reference 
Country and 
years of study 

Cancer subsite 

ICD code 

NO. of 

cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% cr 

Comments 

Blot et ai. 

OraJ cavity and 



Men 



Adjusted for age, race, study location. 


pharynx 

659 

593 

Ever-smoker 

1.9 

1.3-2.9 

alcohol consumption and respondent 

USA 

ICD-9: 

485 

239 

Current smoker 

3.4 

2.3-5.1 


1984-85 

141 tongue 



Cigarettes/day 





143 gum 

80 

173 

1-19 

1-2 

0.7-1 8 



144 floor of mouth 

312 

28S 

20-39 

2.1 

1.4-3.1 



145 other 

262 

130 

>40 

2.8 

2.8—4.4 



1 46 oropharynx 



Duration (years') 





148 bypopharynx 

45 

138 

1-19 

0.8 

0.5-1.3 



149 other sites 

286 

281 

20-39 

1.9 

l.2-2.8 



within lip, oral 

313 

171 

5 40 

3.6 

2.3—5.6 



cavity and pharynx 



Age at starting 








smoking (years) 






38 

47 

2; 25 

1.8 

0.9-3.3 




279 

285 

17—24 

1.8 

1.2-2.7 




325 

258 

< 17 

2.1 

1.4-3.2 






Women 






298 

229 

Ever-smoker 

3.0 

2.0—4.5 




258 

129 

Current smoker 

4.7 

3.0—7.3 






Cigarettes/day 






60 

104 

1—19 

1.8 

1.1-2.9 




145 

94 

20-39 

3.6 

2.3-5.8 




93 

31 

2 40 

6.2 

3.6-11.3 






Duration (years) 






15 

59 

1-19 

1.0 

0.5-1.9 




127 

J 05 

20-39 

2.9 

1.8—4.6 




153 

64 

2 40 

5.0 

3.0-8.3 






Age at starting 








smoking (years) 






54 

54 

225 

2.8 

1.6—4.8 




153 

116 

17-24 

3.1 

2.0—4.9 




S9 

54 

17 

2.9 







’ . • Ci: 



■■ f H C 


Table 2.1.4.29 (contd) 

Reference 

Cancer subsite 

No. of 

No. of 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and 
years of study 

ICD code 

cases 

controls 


risk 



Ferraroni et al. 

Mouth and pharynx 

2 

380 

Former smoker 

0.9 


Adjusted for age, sex, education, 

(1989) 




Cigarettes/day 



marital status, social class, coffee and 

Italy 


5 

267 

< 15 

3.6 


alcohol consumption 

1 9S3-88 


25 

332 

15-24 

11.1 


p < 0.01 for all current cigarette 



12 

159 

5 25 

11-0 


smokers combined 

Merletti et at. 

Oral cavity and 

Men 

Men 

Tobacco/day (g) 



Adjusted for age 

<1989) 

oropharynx 

3 

58 

1-7 

0.9 

0.2-3 9 


Italy 

ICD-9: 

27 

91 

8 15 

4.G 

1.8-1 J .9 


1982-84 

140.3 upper tip 

37 

106 

16-25 

5-2 

2.1-13.3 



140.4 lower 1 ip 

14 

45 

:> 25 

5.2 

1.9-14.6 



141 tongue 



Duration (years) 





143 gum 

4 

54 

1-20 

1.0 

0.2-5.1 



144 floor of mouth 

S 

52 

21-30 

1-7 

0,4-6.9 



l 45 other pans of 

29 

79 

31-40 

5.0 

1.6-16.2 



mouth 

26 

77 

41-50 

5.0 

1.8-13.8 



146 oropharynx 

17 

38 

> 50 

7.1 

1.9-26.0 






Age at starting smoking 
(years) 






9 

42 

> 20 

3-4 

1.1-10.6 




24 

L 19 

18-20 

3-1 

1 .2—8-4 




27 

91 

15-17 

4.6 

1.8-12.2 




21 

48 

< 15 

7-0 

2-6—18.4 



3006392234 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.29 (contd) 


Reference 
Country and 
years of study 

Cancer subsite 

1CD code 

No. of 
cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% CJ 

Comments 

Merlctti et ut. 


Women 

Women 

Tobacco/day (y) 



Adjusted for age 



in 

32 

1-7 

5.6 

2.0-15.3 


(conld> 


13 

52 

>8 

S.9 

2.3-1 S.O 






Duration (years) 






9 

GO 

1-30 

5.5 

1.8-16,8 




8 

15 

31-40 

6.1 

2.1-18 1 




6 

9 

>40 

5.7 

1.9-16.9 






Age at starting smoking 








(years) 






10 

31 

> 20 

4.7 

1.8-12.4 




13 

53 

£ 20 

6.7 

2.4-18.4 




Men 

Men 

Tobacco (ij/day) 



Multivariate logistic regression model; 





1-7 

1.0 

— 

adjusted for age. educational level, area 





8-15 

4.4 

1.0-18.3 

of birth, alcohol consumption and type 





16-25 

5.1 

1.2—21,0 

ol alcoholic beverage 





>25 

6.2 

1 -4-28.3 

Trends not seen tor women for any 





Duration (years) 



variable 





1-20 

i.O 

- 






21-30 

0.7 

0.1—4.4 






31—40 

2.5 

0.3-18.4 






41-50 

3.9 

0.4-34.6 






>50 

34.0 

2.6-436.4 






Age at starting smoking 








(years) 








< 15 

1.0 

— 






15-17 

0.6 

0.3-1.5 






18-20 

0.4 

0.2—0.9 






> 20 

0.4 

0,1-1.1 








4 

;. . . . Vr. ..• 







% 


Table 2.1,4.29 (coned) 





i ■ 


Reference 

Cancer subsite 

No. of 

No. of 

Smoking categories 

Relative 

95% Cl 


Country and 

ICD code 

cases 

controls 





years of study 








Talamini et at. 

Oral cavity and 

3 

34 

Former smoker 

4.1 

0.5-93.6 

Non-drinkers on ly; adjusted for age and 


pharynx. 



Current smoker 



sex 

Italy 

(nasopharynx and 



Ci garotte s/day 




1986-89 

salivary glands 

2 

12 

< 15 

3.8 

0.2-58.2 



excluded) 

IO 

22 

k 1 5 

12.9 

2.3-106.3 

p for trend < 0.001 

Barra et at. 

Oral cavity and 



Cigarette s/da y 



Adjusted for age, sex. education, 


pharynx 



Cancer controls 



occupation and alcohol ciiiisumpiinn 

Italy 


58 

134 

£ 14 

5.2 

2.9—9.2 


1985-90 


73 

1 19 

15-24 

5-S 

3.2-10.5 




49 

48 

>25 

9.6 

4.9-1 8.9 

p for trend < 0.01 





Non-cancer controls 






58 

254 

< 14 

5.8 

3.3-10.1 




73 

268 

L5-24 

6.1 

3.5-10.9 




49 

87 

2 25 

12.2 

6.4-23.2 

p for (rend < 0,01 





Duration (years) 








Cancer controls 






57 

237 

<30 

2.7 

l. 5-4.9 




78 

123 

30-39 

7.0 

3.9-12.6 




107 

186 

>40 

7.4 

4.0-13.6 

p for trend < 0.01 





Non-cancer controls 






57 

537 

<30 

2-7 

1.5-4.7 




78 

258 

30-39 

6.9 

3.9-12.1 




107 

288 

2 40 

8.8 

■4.9-J5.6 

P for trend < 0.01 


> 

TV 

O 


O 

c— 

c: 





o 

03 

> 


o 

m 


3006392235 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1-4.29 (contd) 



Reference Camber subsite No. of 

Country and PCD code cases 

years of study 


Barra et al 
(1941) (contd) 


26 

122 

101 


26 

122 

101 


La Vecchia 

Oral cavity and 

1 1 

etai. (1991) 

oropharynx 


Italy 

(nasopharynx and 

6! 

I9S7—89 

salivary glands 
excluded) 

23 

De Stefani 

Mouth and pharynx 

87 

etai. (1992) 
Uruguay 

19 

1988-90 


16 


41 

26 

23 


7 

20 

40 

39 


No. of Smoking categories Relative 95% Cl 

controls risk 


121 

Age at starting smoking 
(years) 

Cancer controls 

2? 25 

2,8 

1.4-5 A 

298 

17-24 

4.7 

2.7-8.1 

L 55 

£ 16 

6.8 

3.8-12.2 

192 

Non-cancer controls 
£ 25 

3.3 

l.7-6.2 

583 

17-24 

4.9 

2.9—8.4 

331 

£ 16 

6.6 

3.8-11.5 

244 

Former smoker 

4.3 


372 

Cigarettes/d ay 
£ 25 

11.0 


123 

> 25 

17.9 


122 

Current smoker 

1.0 


1 12 

Pofther smoker 

0.3 

0.1-0.6 

74 

CigamtesAiay 

1-10 

1.0 


74 

11-20 

2.0 

0.9—4.4 

34 

21-30 

3.1 

t .3—7.6 

52 

S 31 

1.9 

0.8—4.5 

58 

Duration (years) 

1-29 

1.0 


58 

30-39 

2.3 

0.8-6.4 

47 

40—49 

4.8 

1.7-13.4 

71 

£ 50 

4.3 

1.5-12.3 




Comments 


p for trend < 0.01 


p for trend *- 0.01 • 

Data stratified by sex and decade of age 


Adjusted for age, county, area of 
residence, education, income and 
alcohol consumption; light smokers 
used as reference group 


At-' " 



Table 2.1,4.29 (contd) 


Reference 

Cancer subsite 

No. of 

"No. of 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and 
years of study 

[CD code 

cases 

controls 


risk 



Francesehi 

Mouth 

18 

260 

former smoker 

3.6 

1.0-12.6 

Adjusted for age. area of residence, 

etai (1992) 

ICD-9: 

78 

306 

Current smoker 

11.8 

3.6-38.4 

occupation and alcohol use 

Italy 

1 43 gum 



Cigarette s/day 




1986-90 

1 44 floor of mouth 

18 

206 

< 14 

4.5 

1.3-15.8 



1 45 Other pads of 

51 

229 

1 S—24 

] 1.0 

3.3-36.4 



mouth 

26 

! 25 

S 25 

9.6 

2-8-33.1 

p lor trend £ 0,01 


1 49 other pans 



Duration (years) 




within Icp. oral 

17 

220 

£ 29 

3.5 

1.0-12.3 



cavity ar.d pharynx 

36 

157 

30-39 

n.o 

3.2-36,3 




41 

174 

2 40 

14.3 

4.1—49.6 

p for trend < 0.01 





Ag e starting smoking 
(years) 






40 

280 

> 20 

6.5 

2.0-21.8 




59 

282 

£ 19 

11.0 

3.3-36.4 

p for trend S 0.01 

Marshall etai. 

Oral cavily: 

290 

290 

Pack-years 



Matched pairs analysis 

(1992) 

tongue, oropharynx. 



1-20 

1.3 

0.7-2,4 


USA 

floor of mouth, 



21-30 

2.7 

l. 2-6.0 


1975-83 

pharynx, 



31-40 

2.9 

1.5-5.9 



hypopharynx 



41-50 

7,0 

3-3-15.1 






51-70 

7.7 

3.7-15.9 






>71 

5.7 

2.7-12.1 

p for trend < 0.01)01 


3006392236 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.29 (contd) 


Reference 
Country and 
years of study 

Cancer subsite 

1CD code 

Zheng el at. 

Oral cavity and 

(1992a) 

pharynx 

China 

JCD-9: 

1988-90 

141 tongue 

143 gum 

144 floor of rnQUth 

145 other parts of 
mouth 

146 oropharynx 

148 hypopharynx 

149 other pans 
within lip, oral 
cavity and pharynx 

Day et at. 

Oral cavity and 

(1993) 

pharynx 

USA 

ICD-9: 

1984-85 

141 tongue 

143 gum 

144 floor of mouth 

145 other parts of 
mouth 

146 Oropharynx 

148 hypopharynx 

149 other sites 
within lip, oral 
cavity and pharynx 



No. of No. of 

cases controls 


Smoking categories 


Relative 95% Cl Comments 

risk 


1 15 


269 Pack—years 

< 25 
>25 


0.8 0.4-1.4 

2.2 1.2-4.1 


Whites 

Whiles 

568 

256 

90 

186 

349 

308 

306 

144 

38 

152 

313 

293 

3S6 

191 

71 

74 

356 

322 

308 

241 


Current smoker 
Cigaretres/dfly 
1-19 
20-39 
>40 

Duration (years) 

[-19 

20-39 

>40 

Age at starting smoking 
(years) 

^25 
17-24 
< 17 


3.6 2.6—4.8 


1,2 

0.8-1.7 

2.2 

1.6-2.9 

2.8 

2.0—4.0 

0.6 

0.4—t.O 

1.9 

1.3-2.5 

3.3 

2.3-4.6 


2.2 

1.4—3.5 

1.9 

1.4-2.6 

2.0 

14:- 


Analysis for men only 
p for trend £ 0.05 


Adjusted for age. sex. study location, 
alcohol consumption and respondent 
status 




Table 2.1.4.29 (contd) 


Reference 

Cancer subsite 

No. of 

No. of 

Smoking categories 

Relative 

95% Cl 

Comments 

Country and 

years of study 

1CD code 

cases 

controls 


risk 



Day el «/. 


Blacks 

Blacks 





(1993) (contd) 


147 

81 

Current smoker 

C i gar et te s/da y 

2.3 

1.1-4.7 




39 

62 

1-19 

1.2 

0.5—2.6 




93 

57 

20-39 

2.1 

l.0-4.4 




36 

14 

S 40 

2.8 

1.0-7.7 






Duration (vears) 






14 

28 

1-19 

0.9 

0.3-2.4 




S4 

72 

20-39 

J.6 

0.7—3.3 




66 

33 

St 40 

2.9 

1.2-7.2 






Age at starting smoking 
(years) 






14 

18 

> 25 

1.2 

0.4-3.6 




67 

56 

17-24 

1.7 

0.8-3.8 




84 

59 

<■ 17 

1.8 

0.8-3.9 


Kune et at. 

Oral cavity and 



Former smoker 

3.9 

0.5-34.0 

Adjusted for age, alcohol consumptioi 

(1993) 

pharynx 



Current smoker 

13.8 

1.1-112.5 

vitamin C and fibre intake 


Germany 

1982 


O 

CO 

> 

o 

r> 

o 


o 


sO 


3006392237 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.4.29 (cgntd) 


rraaEwastsseiJa 


I;#* 





Reference Can-cer sub site 

Country and I CD code 

years of study 


Mashherg el a! Oral cavity and 

(1993) oroph-arynx 

USA 
1972—S3 


Negri el a!. 
(1993) 
Italy 
}984-92 

Spitz et ct/. 
(1993) 
USA 
1987-91 


Orel cavity and 
pharynx 
ICD-9: 141-149 

Upper aero- 
digeslivc tract 


Table 2.1.4.29 (contd) 

Reference Cancer subsice 

Country and ICD code 

years of study 


De Stefani Oral -pavply and 

dial (1994) pharynx (lip, 

Uruguay salivary glands and 

198B-92 nasopharynx 

excluded) 

Kabat er al. Oral cavity and 

(1994) pharynx: 

USA tongue, floor of 

1977—90 moulh, gums. 

giingiva, buccal 
TTHuoosa, palate, 
retromoEar area, 
tonsil, other pharynx 
(nasopharynx 
excluded) 


No. of No. of Smoking categories 

cases controls 


Relative 95% Cl Comments 

risk 


9 

309 

Minimal smoking 


1.0 

9 

307 

Former smoker 
Current smoker 
Cigarettes/day 


0.8 

41 

269 

6-15 


4.0 

109 

538 

16-25 


4.4 

61 

2T6 

26-35 


5.6 

94 

381 

2 36 

Duration (years) 


4.0 

23 

43 8 

Nonsmoker and 

1-15 

1.0 

55 

440 

16-30 


0.7 

203 

1017 

31-45 


1.5 

78 

385 

2 46 

Pack—years 


1.9 

25 

419 

Nonsmoker and 

1-5 

1.0 

37 

395 

5-25 


3.1 

143 

708 

25-50 


5.5 

78 

378 

50—75 


4.5 

76 

380 

> 75 

Moderate/former smoker 
Heavy and/or pipe/cigar 
smoker 

4.0 

3.6 

9.4 


Adjusted lor age, race and alcohol 
0.3—2.2 drinking; reference groups may have 

been inappropriate. 

1.9— 8-5 Trends seen and commented upon, but 

2.2—8-9 not analysed 

2.7-11.7 

1.9— S.2 

Further adjusted for average cigarette 

- consumption 

0.3-3.6 
0.4-5.3 
0.5-7.1 


l.3-7.3 
2-5 12.1 
2 . 0 - 10.2 
l.8-9-0 

Adjusted for alcohol consumption 


Cigaretles/duy 



Univariate analysis 

1-14 

4,2 

1.4-12.8 

15-24 

7.9 

3.2-19.1 


£25 

1 1.0 

4.4—27.4 

p for trend < 0.001 

£25 

4.8 

2.3-10.0 

Adjusted for-alcohol, mutagen 
sensitivity and educational level 


No. erf No. of Smoking categories 

cases controls 


Relative 95% Cl Comments 

risk 


36 

82 

Pack—years 

1-26 

1.5 

0.6-3,9 


55 

27-45 

3.3 

1.3-8.3 

70 

44 

46-70 

4.2 

1.6-10.9 


38 

£ 71 

4.5 

1.7-1 1.6 

Men 

246 

Men 

81 1 

Former smoker 

t.I 


676 

667 

Current smoker 

3.3 

1. 4-4.3 

284 

376 

Cigarettes/day 

1-20 

1.0 


128 

116 

21-30 

l.S 


264 

175 

>31 

1.8 

1.4-2 A 

97 

355 

Duration (years) 

1-20 

1.0 


469 

776 

21-40 

1.3 

0.96-1.7 

355 

347 

5 41 

1.8 


Women 

79 

Women 

210 

Former smoker 

1.4 

1.0-2.0 

271 

192 

Current smoker 

4.3 

3.2-5.9 

143 

132 

Cigarettes/day 

1-20 

1-0 


54 

28 

21-30 

1.7 

0.9—2.9 

74 

32 

231 

1.9 

1.1-3.2 

35 

108 

Duration (years) 

1-20 

1.0 


201 

216 

21-40 

1.5 

0.9-2.4 


79 

241 

l.S 

0.97-3.4 


Adjusted forage, area of residence and 

education 


Adjusted for age, years of schooling, 
alcohol consumption, race, time period 
and type of hospital 


Also adjusted for amount smoked and 
smoking status 


Adjusted for age, years of schooling, 

alcohol consumption, race, time period 

and type of hospital 


Also adjusted for amount smoked and 
smoking status 



3006392238 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.29 (contd) 


Reference 
Country and 
years of study 

Cancer subsite 

1C 13 code 

No. of 
cases 

No. of 
controls 

. Smoking categories 

Relative 

risk 

95% Cl 

Bosctti et al. 

Oral cavity and 

19 

III 

Former smoker 

1.6 

0.9-2.9 

(2000) 

pharynx 



Current smoker 



Italy and 




Cigarettes/day 



Switzerland 


57 

139 

L-L4 

3.6 


1984-97 


47 

93 

2 15 

4.6 

2.7-7.6 





Duration (years) 





29 

138 

< 28 

1.6 

1 -0-2.7 



75 

SS 

£28 

5.1 

3.3-7.7 

Dikshil & 

Oropharynx 



Cigarettes/day 



Kanherc (2000) 

(CD-9: 141.0, 141.6. 

15 


L —1 0 

1.5 


India 

145.3. 145.4, 146.-0— 

18 


11-20 



1986-92 

L46.9, 147.0-147.9, 

9 


> 20 

11.4 

2.7—48.8 


148.0-149.0 






Moreno-Lopez 

Oral cavity 



Cigarettes/day 



etal. (2000) 

ICD-9: 

22 

38 

1-20 

3.1 

1.4-6.7 

Spain 

140 lip 

23 

13 

£20 

8.3 

3.4-20.4 


141 tongue 







143 gum 

144 floor of mouth 

145 other parts of 
mouth 

146 oropharynx 


Comments 


Adjusted for education, body-mass 
index end alcohol consumption 


p for trend < 0.0001 


p for trend < 0.000 L 

Adjusted forage and bidi smoking 


Adjusted for alcohol consumption and 
daily tooth brushing 
p for trend < 0.05 



Table 2.1.4.29 (contd) 


Reference Cancer subsitc 

Country and ICD code 

years of study 


No. of No. of Smoking categories 

cases controls 


Relative 95% Cl Comments 

risk 


Zavras et at. 
( 2001 ) 
Greece 
1995-9$ 


Oral cavity 

Men 

Men 








Former smoker 

0.4 

0.1-1.3 



56 


Current smoker 

3.0 



143 gum 



Pack-years 




144 floor of mouth 

10 

17 

1-25 

1.0 



145 other parts of 

14 

14 

> 25-50 

1.4 



mouth 

32 

15 

> 50 

2.8 

1.0-8.0 


148 hypopharynx 

Women 

Women 





149 other parts 

8 

3 

Former smoker 

6.2 



within lip, oral 

5 

5 

Current smoker 

0.7 



cavity and pharynx 



Pack—years 





7 

5 

1-25 

1.9 

0.5-7.8 



5 

2 

26-50 

4.1 

0.6-26.9 




1 

> 50 

0.9 

0.0-24,6 

p for trend = 0.30 




Men and women 



Also adjusted for sex 




combined 





16 

25 

Former smoker 

0.9 

0.4-2.1 



61 

51 

Current smoker 

3.0 

1.4-6.6 





Pack—years 





17 

22 

1-25 

1.3 

0.6-3.0 



19 

16 

26-50 

1.7 

0,7—4.3 



33 

16 

>■ 50 

3.3 

1-3-8.5 



Cl. confidence interval 


3006392240 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.4.30, Case-control studies on tobacco smoking and cancers of the upper aerodigestive tract cancer; smoking cessation 


Reference 

Cancer subsitc 

No, of 

No. of 

Years since quitting 

Relative 

95% Cl 


{country and 
years of study) 

1CD code 

cases 

controls 

risk 




Blot et-ai. 

Oral cavity and 

Men 

Men 




Adjusted for age. race, study location, alcohol 

USA 

JCD-9: 

64 

239 

98 

Current smoker 

1-9 

3.4 

1.1 

2.3-5. 1 
0-7-1.9 

consumption and respondent status 

1984-85 

141 tongue 

56 

114 

10-19 

1.1 

0.7-1.9 



143 gum 

43 

141 

> 20 

0.7 

0.4-1.2 



144 floor of mouth 

Women 

Women 





145 other 

258 

129 

Current smoker 

4,7 

2. 0-7.3 



146 oropharynx 

24 

39 

1-9 

1.8 

0.9-3.6 



148 hypopharynx 

10 

35 

10—19 

0.8 

0.4-1.9 



149 other sites within 
lip. oral cavity and 
pharynx 

4 

26 

2: 20 

0.4 

0.1 1 4 


Merietti et ai. 

Oral cavity and 

Men 

Men 




Adjusted lor age 


oropharynx 

68 

195 

0-1 

5.4 


Italy 

[CD-9: 

1 1- 

42 

2-5 

4.4 



1982-84 

140.3 upper lip 

2 

63 

> 5 

0.4 

0.1 -2.7 



140.4 lower lip 

5 

&5 . 

Nonsmoker 

1.0 

_ 



141 tongue 

Women 

Women 




Adjusted for age 


143 gum 

18 

68 

0 1 

7.4 

3.0-18.3 


144 floor of mouth 

5 

16 

> l 

3.7 

1.3—10.8 



145 other parts of 

13 

137 

Nonsmoker 

1.0 

_ 



month 

Men 

Men 

0-1 

1.0 

- 

Multivariate logistic regression model 


146 oropharynx 



2-5 

0.7 

0.3-1.8 

adjusted for age, educational level, area of 



Women 

Women 

> 5 

0.3 

0.1-18 

birth, alcohol consumption and type of 



0-i 

1.0 

- 

alcoholic beverage 



.. > 


> l 

1.5 

0.3—8.9 

r. 


Table 2.1.4.30 (contd) 


Reference Cancer subsite 

(country and JCD code 

years C f study) 


Barra et ai. Oral cavity and 

0991) pharynx 

Italy 

1 985-90 


De Stefani 

et ai. (; 992) 

Uruguay 

1988-90 

5ranceschi 

et ai. (1992) 

Italy 

1986-90 


Mouth and pharynx 


Mouth 

1CD-9: 

143 gum 

144 floor of mouth 
I 45 other parts of 
mouth 

149 other parts within 
lip. oral cavity and 
pharynx 


No. of 

cases 


43 

22 

21 

43 
22 
21 
84 
10 
7 

5 

78 

13 

3 


No. of Years since quitting Relative 95% Cl Comments 

controls risk 


Cancer controls 
120 <10 

151 & ]0 

445 Non smoker 


3.9 

J ,4 

1.0 


Adjusted for aye, sex. education, occupation 
2-0—7.8 and alcohol consumption 

0>6-3.1 p for trend < 0.01 with both groups of 
— controls 


239 

261 

769 


Non-cancer controls 

< 10 3 9 

2 10 1.6 

Nonsmoker 1.0 


2.0-7,8 
0.8-3.5 


121 

Current smoker 

1.0 

- 

Adjusted for age. counly. residence. 

25 

1—4 

0.6 

0.2-1.4 

education, income and alcohol consumption 

11 

5-9 

l.l 

0.4-3 .3 


77 

£ 10 

0.1 

0.0-03 


306. 

Current smoker 

11.8 

3.6-38.4 

Adjusted for age. area of residence. 

122 

< 10 

3.8 

l .0-14.4 

occupation and alcohol use 

138 

^ i0 

0.7 

O 1-3.9 

p for trend £ 0.01 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.(.4.30 (contd) 


Reference 
f country and 
years- of study) 

Cancer subsite 

JCU code 

Wo. of 
cases 

N<>. of 
controls 

Years since quitting 

Relative 

risk 

Day et a/. 

Oral cavity and 

Whites 

Whites 



(1993) 

pharynx. 

568 

256 

Current smoker 

3.6 

USA 

JCD-9: 

70 

107 

1-9 

■ 1.1 

1984-85 

Ml tongue 

63 

128 

10-19 

1.1 


143 g«ni 

- 41 

147 

>20 

0.6 


144 floor of mouth 

Blacks 

Blacks 




145 other 

147 

3! 

Current smoker 

2.3 


146 oropharynx 

13 

24 

1-9 

1.1 


148 hypopharynx 

1 

13 

10-19 

0.1 


149 other sites wiJiin 

3 

15 

2 20 

0.3 


tip, oral cavity arid 






pharynx 





Mash berg et at. 

Oral cavity and 

9 

309 

3-10 

1.3 

0 593) USA 

oropharynx 

6 

147 

S: 11 

0.5 

1972-83 


3 

160 

Minimal smoking 

1,0 

Kabat et til. 

Oral cavity and 

Men 

Men 



(1994) 

pj utrynx. 

676 

668 

Current smoker 

i a 

USA 


113 

225 

1-9 

0.6 

1977-90 


59 

276 

10-19 

0.3 



70 

306 

2 20 

0.5 



Women 

Women 





271 

193 

Current smoker 

1.0 



40 

69 

1-9 

0,5 



24 

82 

10-19 

0.3 



15 

59 

2 20 

0.3 

Lewin el al. 

Head and neck 

385 

214 

Current smoker 

6.5 

(199S) 


61 

75 ' 

1-10 

3.2 

Sweden 


32 

76 

11-20 

1.7 

]988-90 


23 

83 

2 21 

0.9 


Cl, confidence interval 

j.:-::.... . 

T 




mm 


95% CT Comments 


Adjusted for age, sex, study location, alcohol 
2.6-4.8 consumption and respondent status 

0.7-1 .6 
0.7-1.6 
0.3-09 

1.1—4.7 
0.4-3.1 
0.0-!.3 
0.1 — l .7 


0.3—6.5 
0 . 1 - 2.6 

Adjusted for age, years of schooling, alcohol 
— consumption, race, time period, type of 

0.4—0.8 hospital, and intensity and duration of 

0.2—0-5 smoking 

0.3-0.9 



0.3—0.8 
OJ2-C.5 
0 . 1 — 0-8 

4.4—9.5 Adjusted for age, region and alcohol 

2 . 0 - 5.2 
1.0-2.9 
0.5-1.7 



Table 2.3.4.31. Case—control studies on tobacco smoking and cancers of the upper aerodigesttve tract: type of tobacco 
and/or cigarette 


Reference 
(country and 
years of study) 

Cancer subsite 

1CD code 

No. of 

cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

Merlctti. et al. 

Oral cavity and 

Men 

Men 

Type of tobacco 



Adjusted for age 

0989) 

oropharynx 

!3 

84 

> 66% blond 

2.4 

0.8-7.2 


Italy 

1CD-9. 

7 

37 

Mixed 

2.9 

0.9-10-1 


1982-84 

140.3 upper lip 

48 

142 

> 66% black 

4.8 

1.9-12.1 



140.4 lower lip 



Use of filter 





14] tongue- 

20 

97 

> 66% with filler 

3.2 

1.2-9.0 



143 gum 

13 

42 

Mixed 

4.7 

1.5-14.9 



144 floor of mouth 

35 

124 

>■ 66% without filter 

4.2 

1.6-11.0 



145 other pans of 

Women 

Women 

Type of tobacco 





mouth 

12 

63 

> 66% blond 

6.0 

2,2-16.1 



146 oropharynx 

4 

9 

Mixed 

4.7 

1.3-16.3 




7 

12 

> 66% black 

6.9 

2.5-19.1 






Use of filter 






15 

69 

> 66% with filter 

6.3 

2.4-16.6 




3 

6 

Mixed 

5.4 

1.3-22.2 




5 

9 

> 66% without filter 

5.2 

1.8-15.1 




Men 

Men 

Type of tobacco 



Multivariate analysis 





> 66% blond 

1.0 

- 

adjusted for age. education, 





Mixed 

0.7 

0.2-2.7 

area of birth, alcohol 





> 66% black 

1.0 

0.4—2.6 

consumption and type of 





Use of filter 



alcoholic beverage 





> 66% with filter 

1.0 

— 






Mixed 

1.2 

0.4-3 .5 






> 66% without filter 

t .2 

0.5-2.8 



O 

CO 


> 


02 


O 

?■> 



3006392242 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.4.31 (contd) 


Reference 
{country and 
years of study) 

Cancer subsite 

ICD code 

No. of 

cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% Cl 

Comments 

De Stefani 

Mouth and pharynx 



Type of cigarette 



Adjusted for age, county. 

at at. (1092) 


16 

72 

Manufactured 

1.0 

— 

residence, education, income 

Uruguay 

1988-90 


90 

162 

Hand-rolled 

2.5 

1.2-5.2 

and aicohol consumption 

Franceschi 

Mouth 



Tar yield 



Adjusted for age. area of 

el at. (! 992) 

rCD-9: 

53 

364 

Lew tar (c 22 mg) 

7.1 

2.2-23.3 

residence, occupation and 

Italy 

143 gum 

42 

185 

High tar 22 mg) 

14.4 

4-2-49 5 


1986-90 

] 44 floor of mouth 








145 other parts of 








mouth 








149 other pans 








within lip, Oral CZ*vity 








and pharynx 







Mash berg 

Oral cavity and 



Untipped cigarettes 



Adjusted for age, race and 

etal. (1993) 

oropharynx 



(cigareties/day) 



alcohol drinking 

USA 




6-15 

7.8 

2.4-19.0 


1972-83 




16-25 

7.7 

3.6-16.5 






26-35 

12.3 

5.3-28.6 






>36 

7.6 

3.5-L6.8 






Filter-tipped cigarettes 








(cigarettes/day) 








6-15 

1.5 

0.5—4.2 






16-25 

3.6 

1.6-7.7 






26-35 

1.9 

0.7-5.0 






£ 36 

2.3 

1.0-5.2 









'-V- ♦ « >•»•• 


Table 2.1.431 (contd) 


Reference 
(country attd 
years of study) 

Cancer subsite 

ICD code 

No. of 

cases 

No. of 
controls 

Smoking categories 

Relative 

risk 

95% C! 

Comments 

Rabat et at. 

Oral cavity and 

Men 

Men 




Adjusted forage, years of 

(1994) 

pharynx 

221 

126 

Non-filter only 

1.0 

- 

schooling, alcohol 

USA 


96 

105 

Filter for 1—9 years 

0.5 

0.4—0.8 

consumption, race, time 



280 

334 

Filter for ^ 10 years 

0.5 

0.4-0.7 

period and hospital 



57 

80 

Filter only 

0.6 

0,4-0.9 




Women 

Women 







46 

17 

Non-filter only 

1.0 

— 




38 

20 

Filter for 1-9 years 

0 8 

0.3-1.8 




125 

S9 

Filter for > 1 0 years 

0.5 

0.2-1.0 




57 

63 

Filter only 

0.6 

0.3-1.2 



Cl, confidence interval 


3006392243 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


IARC MONOGRAPHS VOLUME 83 Wf TOBACCO SMOKE 





=■- 

OS 


Table 2.1.4.32. Cas^-series on tobacco smoking and cancers of the upper aerodigestive tract 


Reference Cancer 3iibsites % No. of cases Age 

Country «nd 
years of study 


Histological Exposures 

types 


al-ldrissi 
(1 990) 

Saudi Arabia 
19S2-89 


Nasopharynx 

Tongue 

Oral cavity 

Larynx 

Pharynx 

Oropharynx 


43 

17 

42 men 

23 women 

Mean age, 
48.6 ± 14.9 

100% squamous¬ 
cell carcinoma;. 

No tobacco habit 

Vo 

32.3 

15 

14 

6 


years 

all others 
excluded 

Tobacco smoking 
Ai-Sharruna 

41.5 

26.2 


5 


Cominenis 


Cases histologically 
confirmed 

AJ-Shamma (mixture 
of tobacco, pepper 
and oil) is frequently 
chewed instead of 
smoking tobacco. 


-tit- 


Table 2.1.4.33. Case—control studies on tobacco smoking and second primary tumours in patients with a primary 
cancer of tlie upper aerodigestive tract 


Reference 
Country, cohort 
collection period 
and follow-up 
period 

Initial population study 

Cases (second, primary 
tumours) 

Controls (no 
second primary 

In mours) 

Exposure 

categories 

Relative 

risk 

95% Cl 

Factors adjusted for; comments 

Day et al. (1994) 

L090 patients with 

80 meta-ebronous cases 

1 59 controls 

Even-smoker 

3-8 

0.6-5.2 

Matched analysis; model 


cancel - of the oral cavity 

in the oral cavity. 

(1 32 men and 57 

Current smoker 

4.3 

1.6-12 


1984-85 

cr pharynx lICD-9: 

pharynx, larynx. 

women) matched 

C igarettesyday' 




follow-up until 

141, 143—146, 148— 

oesophagus £nd lung 

by sex and study 

0—20 

1 .0 

- 

tumour stage; odds ratios 


149)^ follow-up of at 

(5 6 men and 24 women) 

area 

20-39 

1.8 

0.5—6.2 

adjusted forage, stage of 


least 6 months 



> 40 

3 6 

0.9-14.0 

disease and alcohol intake; 





Duration (years)’ 



adjustment for race, education, 





0-20 

1.0 

- 

marital status, occupation. 





20—39 

3.2 

0.0-12 

location or radiation therapy 





2: 40 

4.7 

1 -3-17 

had no effect. 








’ever-sm okers 

Barbone et ai. 

380 patienlt with 

62 multiple second 

Not available 

Never or very 



Hazard ratios adjusted far age. 

( 1996) 

incident first cancer of 

primary tumours, ot 


light smoker 

1.0 

_ 


Italy 

the oral cavity, larynx 

which 39 were meta- 


Light 

2.3 

0.4-12.2 

occupation, smoking habit?, 


or pharynx: median 

chronous cases in the 


Intermediate 

2.7 

0.5-13.4 


follow-up until 

follow-up. 40 mondis 

oral cavity, pharynx, 


Heavy 

4.3 

0.7-26.9 




larynx, oesophagus and 





stage 



nasal cavities <34 men 





p for trend — 0-08 



and 5 women) 






■Ci an frig lie. eta!. 

200 patients with first 

28 cases: 24 second* 

Population 

Site of second 

SIR* 



<1999) 

incident cancer ot die 

3 third and J fourth 

covered by 

tumour: 



Heavy smokers accounted for 

Italy 

orsL cavity and oro- 

primary tumour (22 

southern and 

Oropharynx. 

250.0 

206.7-291.2 

higher incidence rotes of 


pharynx (ICD-10: CO] — 

ffivii and 6 women) 

central Italian 

Oral cavity 

137.5 

103.7-171.3 

second primary tumours, but 

follow-up until 

C06; C09) ur.d Cleft, live- 


cancer registries 

Lip 

22.2 

17.7-29.8 


1997 

intended LreaAmenl; 



Larynx 

8 0 

6.9-9.4 

for alcohol consumption. 


median follow-up. 



Lung 

2.5 

22-2.8 

Information on multiple 


3.2 years 






synchronous tumours available 


Cl, confidence interval 


3006392244 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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j j j Cancer of die pancreas 

(a) Cohort and case-control studies 

The desips of Ihe case-control and cohort studies arc summarized in Table 2.15.1 and 
2 J, respectively. Additional data have come from the Alpha-Tocopherol Bcla-Carotene 
Cancer Prevention Sludy (Stolzenberg-Solomon et al., 2001), which followed a cohort of 
rao re than 27 000 male smokers between 1985 and 1997. Pancreatic cancer cases were 
ascertained front the Finnish Cancer Registry, which hold records of almost 100% of all 
cases in Finland. 

All hut two of the published cohort and case- cuntrol studies (Murata el al., 1996, 
[jaw & Chen, 1998) showed an increased risk for pancreatic cancer in ever-smokers 
(Tables 2,1.5 2 and 2.1.5.3). The conclusion that smoking is a cause of this cancer reached 
in the IARC Monograph on tobacco smoking (IARC, 1986) remains unchanged; smokers 
[lave about twice as high a risk for this Cancer as never-smokeus, 

. A number of cohort studies have repotted associations between smoking and the sub¬ 
sequent development of pancreatic cancer. Pancreatic cancer was ascertained mainly by 
linkage to population-based cancer registries, death notification systems or pathology 
laboratories. Some studies only recorded smoking habits at time of enrolment; thus data 
on prolonged lobauco consumption were not readily available. 

Several case-contro5 studies on the relationship between smoking and pancreatic 
cancer have also been published since 1986. These studies were designed lo measure Ihe 
effect of smoking, alcohol consumption and coffee drinking. Some studies also measured 
the effect of certain dietary items. Two types of control group were used: hospital-based 
controls, mainly with conditions not thought to be associated with smoking or tobacco, or 
neighbourhood-matched controls selected using electoral rolls or random-digit telephone 
dialling. Verification of pancreatic cancers ranged from 100% (i.e. only those with hislo- 
Ingical verification were included in a study) to about 30%. However, whether or not sub- 
analyses were carried out on cases diagnosed with histology, this made little difference to 
the results. Because pancreatic cancer is rapidly fatal, most studies questioned proxies for 
the case about the smoking characteristics of the patients. Some studies also interviewed 
proxies of the control patients, but again, restricting the analyses to direct interviews 
rather than proxy interviews made little difference to the direction of the association. 


(i b ) Factors affecting risk 

(i) Duration and intensity 

Table 2.1,5.3 shows the results of studies that considered dose-response relations!) ips. 
Most studies found clear evidence demonstrating that the risk for cancer of the pancreas 
increases with daily cigarette consumption and the number of years of smoking. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(ii) Cessation 

Eight studies (Mack et ai., 1986; Cuzick & Babiker, 1989; Bueno de Mesquita et al 
1991; Howe et al, 1991;$i1verman ?/<?/., 1994; Jin/ al., 1995; Muscat etal, 1997; Partanej 
et al., 1997) reported on the risk of pancreatic cancer according to the number of years since 
quitting. Five of these studies found a decreasing monotonic trend in risk associated with the 
number of years for which the subjects had stopped smoking (Mack et a!., 1986; Howe et al 
1991; Silverman et al, 1994; Ji et al., 1995; Partanen etal., 1997). A further study reported 
that the excess risk in former smokers disappeared after less than 10 years since quitting, hut 
did not provide quantitative estimates (Fuchs etal., 1996) (Table 2.5.1.4). 



(iit) Type of cigarette 

Friedman et al. (1998) compared rates of pancreatic cancer development between those 
who reported smoking mentholated cigarettes and those who smoked non-mentholated 
cigarettes. The rate ratio was 0.6 foi men (95% Cl, 0.3 1.4) and 0.8 for women (95% Q, 
0.3-1.8); die difference in risk between mentholated and non-mentholated cigarettes was 
not statistically significant and the confidence intervals were wide, so that no firm 
conclusion can be made. 

Three case-control studies (Table 2.1.5.5; Bueno de Mesquita et al., 1991; Ghadirian 
et al., 1991; Howe et a/., 1991) compared filter-tipped with untipped cigarettes. Ghadirian 
et al. (1991) observed an approximately twofold higher risk for pancreatic cancer in heavy 
smokers of untipped cigarettes than in smokers of filter-tipped cigarettes. Overall, 
however, there was no difference in effect. 


(c) Population characteristics 

(i) Sex 

The effect of sex on risk was investigated in two case-control studies (Mack etal, 
1986; Clave! et al, 1989} and four cohort studies (Akiba & Hirayama, 1990; tngeland 
ct al, 1996, Fuchs et til, 1996; Tulinius et al., 1997). Relative risks were similar for men 
and women and no consistent evidence of an effect of sex on risk was observed. 

(ii) Ethnic group 

The role of ethnic group in the association between tobacco smoking and pancreatic 
cancer was investigated among African Americans and Caucasians in the LISA (Silverman 
et al, 1994), No evidence of heterogeneity by ethnic group was obtained. 


(d) Confounding factors 

In addition to age and sex, other potential confounding factors considered in several 
studies included consumption of alcohol and coffee. The excess risk due to smoking 
remained after adjustment for some or all of these factors (Hiatt et al., 1988; Lyon et a!., 
1992; Zheng et al, 1993; Silverman et al, 1994; Engeland et al, 1996). ,, 

Five smdies were carried out simultaneously in Utrecht, The Netherlands (Bueno dv 
j Mesquita et al, 1991), Toronto, Canada (Howe et al, 1991). Montreal, Canada (Ghadirian 


etal, 199')' °P uk - Po!aild (Zatonski et ul, 1993) and Adelaide, Australia (Baghurst et al., 
j99l), as part of the Surveillance of Environmental Aspects Related to Cancer in Humans 
(SEARCH) programme of the IARC, to elucidate the roles of alcohol and tobacco in the 
development of pancreatic cancer. These were reviewed by Boyle et al. (1996). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Reference 
Country and 
years of study 


Wyntlci a al. 
(1973) 

USA 

1950-64 

MacMahoti 
ei at. (1981) 
USA 
1974-79 

Durtccelut. 

(1983) 

France 

1979-80 

Whittemore 
etal, (1983) 
USA 
1963-66 

Wynder el at. 
(1983) 

USA 

1981 

Klnlen & 

McPherson 

(1984) 

UK 

1952-54 

Gold el al. 
( 1985 ) 

USA 

1978-80 


Hsieh el al. 
(19R6) 
USA 
1981-84 


Number of cases 
and controls 


Merc 100 casts and 
200 controls; 
women: 42 cases 
and 107 controls 

Men: 218 cases and 
306 controls; 
women: 149 cases 
and 337 controls 

Men: 37 cases and 
100 controls; 
women: 32 cases 
and 99 controls 

Men: 122 cases and 
78! controls 


Men: 153 cases; 
women: 122 cases; 
7994 controls 

Men: 109 cases and 
218 controls; 
women: 107 cases 
and 214 controls 

Men and women: 

201 cases, 201 
hospital controls and 
201 community 
controls 


Men and women: 
176 cases and 
273 controls 


Criteria for eligibility and comments 


Hospial-hased study. Cases from nine Hospitals. Conlrols: 
hospitalized patients without tobacco-related disease, matched 
for age, sex and ethnicity 

Hospital-based study. Cases from 11 hospitals. Controls; 
hospitalized patients without tobacco or alcohol-related disease 


Cases selected in three hospitals; neighbourhood controls 


Population-based study. Cases from the University of Harvard 
and University of Pennsylvania. Data obtained by postal survey. 
Controls: randomly selected classmates 

Hospital-based study. Uses from 15 hospitals. Controls: 
hospitalized patients without tobacco-related disease 


Cases not specified. Controls: patients wilh cancers unrelated to 
smoking 


Hospital-based study in 16 hospitals; 62% cases histologically 
confirmed. Hospital controls: patients with heart, other 
circulatory and digestive diseases excluding any type of cancer; 
marched rn cases on age. ethnicity, sex, hospital and date ol 
admission. Community controls; selected by random-digit 
dialling, matched to cases on age, ethnicity, sex and telephone 
exchange 

Hospital-based study in 11 large hospitals 

100% cases histologically confirmed 

Controls: patients with cancers of the breast, colon, stomach, 

uterus, benign tumours, hernia, colitis enteritis or other minor 

conditions 


Table 2.1.5.1 (contd) 


Reference 
Country and 


Number of cases 
and controls 


Criteria for eligibility and comments 


(1986) 

USA 

I97M1 

Men and women: 

Population-based study. Histologically confirmed cases 

490 cases and 

identified by cancer registry; neighbourhood controls matched on 

490 controls 

age, sex, ethnicity and place 

.ygynder el al. 
(1986) 

USA 

Men: 127 cases and 

Hospital-based study in IS hospitals in six cities. Cases; 

371 controls; 

identified by histology or discharge summary. About three 

women; 111 cases 

controls/casc, matched for sex, age, ethnicity, hospital, year of 

1981-84 

and 325 controls 

admission, without tobacco-related disease 

UaVecchia 

Men: 99 cases and 

Hospital-based study. Cases histologically confirmed. Controls 

«fal(lW7) 

471 controls; 

admitted to hospitals for traumatic or surgical conditions, 

Italy 

women: 51 cases 

orthopaedic disorders, disorders of car, nose and throat, skin or 

1983-86 

and 134 controls 

teeth 

Clavelt Hd. 

Men: 98 cases and 

Hospital-based study: 63% of cases histologically confirmed; 

(1989) 

France 

161 controls; 

controls had cancers and benign conditions unrelated to smoking 

women: 63 cases 

or alcohol; two controls matched to each case by age, sex, 

1982-85 

and 107 controls 

hospital and interviewer 

tack* 

Men: 1 23 cases and 

Hospital-based study in 3 major city hospitals; 30.1% of cases 

Barter (1989) 

150 controls, 

histologically confirmed. Hospital controls and general 

UK 

women: 93 casess 

practitioner controls had diseases unrelated to smoking 

1983-86 

and 129 controls 


Ferraroni a al. 

Men; 136 cases and 

Hospital-based study. All cases histologically confirmed 

(1989) 

1334 controls; 


Italy 

women: 78 cases 


1983-88 

and 610 controls 


FalUruf. 

Men and women: 

Hospital-based study in 29 hospitals; 83% cases histologically 

(1990) 

198 cases and 

confirmed. Hospital controls matched for ethnicity', age, sex and 

USA 

1979-83 

209 controls 

hospital 

Baghurat el al. 

Men and women: 

Population-based study within the IA.F.C SEARCH 1 programme. 

(1991) 

104 cases and 253 

Controls obtained fmm a random sample of the electoral roll. 

Australia 

1984-87 

controls 

Analysis matched by age and sex 

Bueno de 

Men and women: 

Population-based study within the 1 ARC SEARCH 11 programme; 

Mcsquita et al. 

176 cases and 

68% of cases histologically confirmed. Controls selected from 

(1991) 

Netherlands 

1984-88 

487 controls 

municipal population registries 

Gkadirian eta! 

Men: 97 cases and 

Population-based study within die (ARC SEARCH* Programme; 

(1991) 

239 controls; 

83% of cases histologically confirmed. Controls selected by 

Canada 

women: 82 cases 

random-digit dialling and from telephone directories, and 

1984-88 

and i 16 controls 

matched to cases on age, sex and residence 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 2.I.5.I (contd) 

Reference 
Caintry and 
years of study 

Number of eases 
and controls 

Criteria for eligibility and comments 

Howe a al. 

(1991) 

Canada 

1985-86 

Men: 141 cases and 
270 controls; 
women; 108 cases 
and 235 controls 

Population-based study within the [ARC SEARCH’ Prognmuis- 
69% of cases histologically confirmed. Control s selected 
randomly from population lists in the same study area 

Vioque &. 

Walker (1991) 
Multinational; 

early 1960s to 
beginning of 
1980s 

Men and women: 

108 cases and 

374 controls 

Hospital-based study. Data collected by the Boston Col lalocstiv- 
Dnrg Surveillance Programme in six countries: Canada, Israel 
New Zealand. Scotland, USA and former West Germany;age- 
s&x- arid Irospital.matched controls 

Lyon et at. 

(1992) 

USA 

1984-87 

Men and women; 

149 cases and 363 
controls 

Population-based study. Cases from the Utah Cancer Registry. 
Controls selected by random-digit dialling 

!~ ° 
j fll 

Men: 68 cases and 

68 controls; women: 
56 cases and 56 
controls 

Hospital-based study in seven hospitals. Cases and hospital 
controls matched on age. sex and institute. Control s: patients win, 
benign digestive, crrculatary and otherdisorders 

j 

Kalapotliuki 
et at. (1993) 
Greece 

1991-92 

Men: 115 cases, 115 
hospital controls and 

115 visitor controls; 
women; 66 cases, 66 
hospital controls and 
66 visitor controls 

Hospital-based study in eight major teaching hospitals. Cases (all 
histologically confirmed) and controls matched by hospital, 
gender and age. Controls: patients ivith fractures, appendicitis, 
ear, nose and throat conditions, goitre, varicose veins and sciatica 

tllonski t: nl 
(1993) 

Poland 

1985-88 

Men: 68 cases and 

89 controls; women; 
42 cases and 106 
controls 

Population-based study within the IARC SEARCH' programme; 
43.9% cases histologically conlirmed 

Silverman e/ o/. 
(1994) 

USA 

1986-89 

Men: 244 cases and 
1328 controls; 
women: 235 cases 
and 774 controls 

Population-based study; 85% cases histologically conlirmed. 
Controls aged 30-64 years selected by rindnm-digitdialling, 
those aged 65-79 years selected by stratified random sampling 
from the Health Care Financing Administration’s rosters, Cases 
and controls matched by area) age, sex and ethnicity 

Gullo etal. 
(1995) 

Italy 

1987-89 

Men: 319 cases; 
women: 25) eases; 
570 matched 
controls 

Hospital-based study in 14 university and community hospitals, 
Cases and controls matched for age, sex, socioeconomic status 
and area; 70% cases histologically confirmed. Controls: patients 
with minor trauma or disorders unrelated to alcohol, coffee or 
tobacco consumption 

Jie!a/.{1995) 

China 

1990-93 

Men: 264 cases and 
852 controls; 
women: 187 cases 
and 701 controls 

Population-based study among permanent residents of IP urban 
districts; cases identified by the Shanghai Cancer Registry, 37% 
of cases histologically confirmed. Controls randomly selected 
from Shanghai residents' registry 


I 


Table 2.1.5.1 (contd) 


Reference 

Country and 
years of study 

Number of cases 
and controls 

Criteria for eligibility and commenls 

Siemiatycki 

etdOW) 

Canada 

1979-86 

Men: 116 cases, 

1705 hospital 
controls with cancer 
and 533 population 
controls 

AH rases histologically confirmed. Control group had cancer at 
silts nul previously demonstrated as affected bycigatcllc 
smoking 

Fernandez el al. 

(1996) 

Italy 

1983-92 ' 

Men: 229 cases and 
1031 controls; 
women; 133 cases 
and 377 controls 

All cases histologically conlirmed, Controls: hospital patients 
with acute, nort-ncoplilsdc, non-digestive, non-smoking- and non- 
akuhul-ielatcd disorders 

let ci of, (19%) 

China, Province 
ofTaiwan 

1989-94 

Men and women: 

282 cases and 282 
controls 

Hospital-based study, 45.7% of cases histologically confirmed. 
Controls matched on 3ge and sex had no history of pancreatic 
cancer. 

Nishicftff 

(1996) 

Japan 

1987-92 

Men and women: 

141 cases and 282 
controls 

Population-based study. Controls matched for sex, age and place 
of residence selected using random-digit dialling 

Ohhaero/. 

(1996) 

Japan 

1987-92 

Men: 85 cases; 
women: 56 cases; 
and 282 conlrols 

Cases: data obtained by direct interview; 41.8% of cases 
histologically confirmed. Controls matched on age. Sex and 
residence randomly selected from telephone directories, data 
collected from self-administered questionnaires and telephone 
back-up 

Fiyzck el al. 

(1997) 

USA 

1994-95 

Men and women: 

66 eases and 131 
controls 

Hospital-based study in live large hospitals and two leaching 
hospitals. Cases diagnosed by cytology. Controls selected by 
random-digit dialling. Cases and controls matched by age, sex, 
ethnicity and county of residence 

Muscat el al 

(1997) 

USA 

1985-93 

Men; 290 cases and 
572 controls; 
women; 194 cases 
and 382 controls 

Hospital-based study; all eases histologically confirmed, Controls 
without pancreatic cancer hospitaltfed for conditions unrelated to 
tobacco use. Cases and controls matched by hospital, sex. age, 
ethnicity and year of diagnosis 

Partanen ctal, 
(1997) 

Finland 

1984-8? 

Men and women: 

662 eases and 

1770 controls 

Population-based study. Cases from the Finnish Cancer Registry 
diagnosed 1984 87 and decedent in 1990. Cancer controls 
include 1014 patients with sUfliach, 441 with colon and 315 with 
rectum cancers 

Mori ct a!. 

(1999) 

India 

1994-96 

Men and women: 

79 cases and 146 
conlrols 

Hospital-based study; J 00% of cases of histologically confirmed 
pancreatic ductal adenocarcinoma. Controls selected from 
healthy hospital visitors, matched to eases on sex and age 

Villcneuve et al 
(21100) 

Canada 

1994-97 

Men: i'll cases and 
2452 controls; 
women: 261 casts 
and 2361 coniruls 

Population-based study in 8 provinces, within the Canadian 
National Enhanced Cancer Surveillance System (NECSS); all 
cases histologically confirmed. Strategies for selection of controls 
varied by province. 


SEARCH, Surveillance of Env ironmental Aspects Related to Cancer in Humans 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 2.I.5.2. Additional cohort studies on tobacco smoking and cancer of the pancreas 


Reference 
Country and 
years of study 

Subjects 

No. of cases 

and/or 

deaths 

Covariatcs 
adjusted for 

Smoking category and/or 
amount smelted 

Relative risk 
<95% Ct) 


Comments 

Hammond & 
Horn (1958a,b) 
USA 

1952—55 

American Cancer 
Society Study 

1 87 783 men 

117 deaths 


Regular smoker 

1.5 



Hammond 
( 1966 ) 

USA 

1959-63 

Cancer Prevention 
Study (CPS) I 

44ft 558 men and 

562 671 women 

274 men. 

108 women 


Men 

Ever-smoker 

aged 45-64 years 
aged 65—79 years 
Women 

EVer-smoker 

Heavy smoker 

Mortality ratio 

2.7 

2.7 

1.8 

2.6 



Kahn (1966) 
USA 

1954-62 

US Veterans' Study 
293 958 men 

4[5 deaths 


Former smoker 

Occasional smoker 

C ig arettes/da y 

1-9 

10-20 

2J-39 

^40 

1.3 
l.J 

1.4 

1.8 

2.2 

2.7 



Lessing ef al. 
0966) 

Canada 

1956-62 

Canadian War 
Veterans Study 

78 000 men 

28 deaths in 

cigarette 

smokers 


Cigarettes/day 

1-9 

10-20 

>21 

1.4 

2.0 

2.4 


Number of nonsmoking 

men not given 

Weir & Dunn 

0 970) 

USA 

1954-62 

. 1 

Californian Study 

68 153 men 

71 deaths 


Ever-smnker 

Cigarettes/day 

1-10 

2ft 

>30 

2.4 

2.9 

2.5 

1.4 


Decreasing relative risk 
with increasing 
consumption 
unexplained 

i. 




: ... . 
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Table 2.1.5.2 (contd) 

Reference 
Country and 
years of study 

Subjects 

Mo. of cases 

and/or 

deaths 

Covariatcs 

adjusted for 

Smoking category and/or 
amount smoked 

Relative risk 

(95% Cl) 


Com men Is 


Cederiof et al. 

Swedish Census 

46 deaths in 

Former smoker 

4.8 {p < 0 05) 


(1975) 

Study 

men 

Cigarettes/day 



Sweden 

25 444 men. 


1-7 

1.6 


1963-72 

26 467 women 


8-15 

3.4 





£ 16 

5.9 




37 deaths in 

Former smoker 

5.5 




women 

Cigarettes/day 






1-7 

2.4 





8-15 

2.5 





> 16 

3.0 


Doll & Peto 

British Doctors’ 

78 deaths 

Tobacco (g)/day 

Mortality rate 

Annual mortality rate 

(1976) 

Study 


0 

14 

per 100 000 men 

UK 

34 440 men 


1-14 

14 


1951-71 



15-24 

18 





£25 

27 

p for trend < 0.1 




Former smoker 

12 


Dol 1 et al. 

British Doctors’ 

14 deaths 

Tobacco (g)/day 

Mortality rate 

Annual mortality rate 

(1980) 

Study 


0 

9 

per 100 000 women 

UK 

6194 women 


1-14 

4 


1951-73 



15-24 

24 





£25 

16 





Fortner smoker 

11 


Hirayama 

Six-prefecture 

251 deaths 


Mortality rate 

Annual mortality rate 

(19SI) 

Study 

in men 

Never-smoker 

13.3 

per 100 000 men 

Japan 

122 261 men. 


Former smoker 

15.4 


1965-78 

142 857 women 


Occasional smoker 

12.8 





Cigarettes/day 






1-9 

14.7 





10-19 

19.8 





>20 

20.3 
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Table 2.1.5.2 (contd) 




Reference Subjects 

Country and 
years of study 

Hirayama 
(1981) (contd) 


Heuch el ai. 

[About 1 I 00 0) 

(1983) 

Norwegian men 

Norway 

(some overlap with 

1967-78 

Norwegian Cohort 
Study) 

Hiatt et al. 

Kaiser Petmanente 

(1988) 

Medical Care 

USA 

Program Study 11 

1978-85 

122 894 persons 


Milts etal 

Adventists’ Health 

(1988) 

Study 

USA 

34 198 persons 

1976-82 



No of cases 

and/or 

deaths 


Covariates Smoking category and/or Relative risk 

adjusted for amount smoked (95% Cl) 


Comments 


417 deaths 
(25 1 men, 

166 women) 

Current smoker 

Relative risk 

1.6 

22 cases 

5 10 cigarettes/d ay 

2-0 (p - 0.087) 


Relative risk for men 
ami women combined. 
Effect persisted after 
adjustment for social 
class and meat and 
green/leafy vegetable 
consumption 
Analysis confined to 
histologically conllnned 
cases 


49 cases 


40 cases 


Age, sex, 
ethnic origin, 
blood glucose, 
alcohol, coffee 
and tea 

Age arid sex 


Farmer smoker 
Current smoker 
< % pack/d fly 
'A— J pack/day 
1—2 p&cks/day 
> 2 packs/day 
Fontser smoker 
Current smoker 


0.8 ( 0 . 4 - 2 . 0 ) 

1.8 (D.4—8.[) 

1.9 ( 0 . 6 — 6 , 2 ) 
2.1 (0.6—8.2 ) 
6.6 (1.4-31.8) 
1.5 (0.7—3.4) 
5.4 (] , 8 - 16 . 5 ) 


Nested case-control 
study 


i.- i - 


Table 2*1.5.2 (contd) 


Reference 
Country and 
years of study 

Subjects 

No. of cases 

and/or 

deaths 

Covariates 
adjusted for 

Smoking category and/or 
amount smoked 

Relative risk 
(95% Cl) 

Comments 

Hirayama 

(1989) 

Japan 

1965-81 

Six-prefecture 

Study 

1 22 261 men, 

142 857 women 

679 deaths 
(399 men, 

280 women) 

Age 

Daily smoker 

Men 

Women 

1—14 cigarettes/day 

15—29 cigarettes/day 

30-39 cigarettes/day 

40-49 cigarettes/day 
> 50 cigarettes/day 

1.6 (1.2-2.0) 

1.5 (1.0—1.9) 

Mortality rale 

24.6 

26-5 

28,4 

30.7 

43.9 

p For trend 0.002 

Ak'iba & 

Hirayama 

(.1990) 

Japan 

1965-81 

Six-prefecture 

Study 

122 261 men, 

L42 857 women 

554 deaths 
(322 men, 

232 women) 

Age, prefecture 
of residence, 

occupation and 

observation. 

period 

Ever-smokers (men) 

1—4 cigarettes/day 

5-14 cigarettes/day 

15—24 cigarettes/day 

25—34 cigarettes/day 
& 35 cigarettes/day 

Ever-smokers (women) 

1—4 cigarettes/day 

5—14 cigarettes/day 
£ 15 cigarettes/day 

1.5 (1.1-2.1) 

1.1 (0.3—2.7) 

1.5 (1.1-2.1) 

1.6 (1.2-2.2) 

1.2 (0-6—2.2) 

1.3 (0,4-2.9) 

1.6 (1.1-2.3) 

0.6 (0.1-1.9) 

1.9 (1.2-2.8) 

1.4 (0.4-3.4) 

p for trend — 0.04 
p for heterogeneity = 
0.07 

p for trend — 0.02 
p for heterogeneity " 
0.03 

Kuilcr el aL 
(1991) 

USA 

1975-85 

MRFIT Study 


Age, diastolic 
blood pressure, 
serum choles¬ 
terol levels and 

Current smoker 

2.0 (p <O.OOOl) 



race 


3006392255 
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Table 2.1.5.2 (could) 


Reference 
Country and 
years of study 


Subjects 


No. of cases 

and/or 

deaths 


Co variates 
adjusted for 


Smoking category and/or 
amount smoked 


Relative risk 
(95% CJ) 


Friedman & 

Kaiser Permanent© 

450 cases. 

Ethnicity and 

Former smoker 

13 


van den Eeden 

Medical Care 

2687 

age 

Current smoker 



(1993) 

Program Study ! 

controls 


> 20 years 

1.6 (1 1-2.2) 

matched for sex, age, 

USA 

J 75 00(1 persons 



< 1 pack/day 

i.$<P<o.m> 

examination site, date of 





1 -2 packs/d ay 

1.6 (p< 0.01) 

check-up 





> 2 packs/day 

3.0 (pc 0.01) 


Tverdal el al 

Norwegian 

57 deaths 

Age and area 


Mortality rate 

Annual mortality rate 


Screen ing Study 



Nevcr-smokcr 

4.4 (127 325 person-years) 

per 10 O 000 persons 

Norway 

44 290 men. 



Former smoker 

6.3 (144 776 person-years 


1972—88 

24 535 women 



Current smoker 

13.5 (248 159 person—years) 






1—9 c igarettes/day 

5.5 (56 350 person-years) 






10—19 cigarettes/day 

17.2 (135 167 person-years) 






£ 20 cigarettes/day 

14.9 (56 441 person-years) 






Relative risk per 







10 cigarettes/day 

1.5 (0.9—2.3) 


Zheng et a!. 

Lutheran 

S7 deaths 

- Age and 

Former smoker 

1.0 (0.4-2.2) 


(1993) 

Brotherhood 


alcohol 

Current smoker 



USA 

Insurance Study 



< 25 cigarcttes/day 

1.4 (0.6—3.2) 


] 966—H 6 

17 633 men 



5 25 cigarettes/day 

3.9 (1.5-10.3) 

p for trend £ 0.01 


286 73 1 person— 







years 






Doll et al. 

British Doctors’ 

205 deaths 



Mortality rate 

Annual mortality rate 

(1994) 

Study 



Nonsmoker 

16 

per 100 000 men 

UK 

34 439 men 



Former cigarette smoker 

23 


J 951 -91 




Current cigarette smoker 

35 

p for trend = 0.001 





1-14 cigarettes/day 

30 






1 5—24 cigarettes/day 

29 






k 25 cigarettes/day 

49 

p for trend = 0.001 


Table 2.1.5.2 (contd) 


Reference 
Country and 
years of study 

Subjects 

No. of cases 

and/or 

deaths 

Co variates 
adjusted for 

Smoking category and/or 
amount smoked 

Relative risk 
(95% Cl) 

Comments 

Shibata et al- 

Leisure World 

65 cases 

Sex and age 

Former smoker 

1.4 (0.7-2 .6) 



Study 

(28 men. 


(quit £ 20 years) 




13 979 persons 

37 women) 


Recent quitter 

1.2 (0.7—2.2) 


1981-90 

100 921 person- 



(< 20 years) and 




years 



current smoker 



McLaughlin 

US Veterans’ Study 

1264 deaths 

Attained age 

Former smoker 



etal. (1995) 

248 046 men 


and calendar- 

Current smoker 

1.7(1.5-1.9) 


USA 

3 252 983 person- 


year time- 

1—9 cigarettes/day 

1.4 (1.1-1.8) 





period 

10-20 cigarettes/day 

1.7 (1.4-1.9) 






31 -39 cigarettes/day 

1.8(1.5-2.2) 






2 40 cigarettes/day 

1.6 (1. t—2.3) 

p for trend < 0.01 

Engeland et al. 

Norwegian Cohort 

224 cases 





(1996) 

Study 

(109 men. 


Former smoker 



Norway 

11 857 men and 

115 women. 





1966-93 

14 269 women 

55% histO- 


1—4 cigarettes/day 

0.9 (0.5-1.8) 



Person—years: about 

logically 


5—9 cigarettes/day 

1.0 (0.5-2.1) 



230 000 men and 

verified) 


10—14 cigarettes/day 

1.3 (0.7-2.4) 



310 000 women 



£ 15 cigarettes/day 

1.6 <0.8-3.2) 






Unknown consumption 

7.9(1.1-58) 






Women 







Former smoker 

0.6 (0.2-1.5) 






Current smoker 







1—4 cigarettes/day 

0.9 (0.4-L.8) 






£ 5 cigarettes/day 

1.8 (1.1-3.0) 



3006392256 
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Table 2.1.5.2 (contd) 


Reference 

Subjects 

No. of cases 

Covariates 

Smoking category and/or 

Relative risk 

Comments 

Country and 


and/or 

adjusted for 

amount smoked 

(95% CT) 


years of study 


deaths 





Fuchs et al. 

Nurses’ Health 

t S6 cases 

Sex, body- 

Men 



(1996) 

Study (1976-92) 


mass index. 

Former smoker 

1.3 (0.7-2.3) 


USA 

and Health 


history of 

Current smoker 

3.0(1.6-63) 


19SO-92 

Professionals 


diabetes 

l—10 pack—years 

0.9 (0.3—2.6) 



Follow Up Study 


mellitus and 

11—25 pack-years 

1.3 (0.7—2.7) 



(1985-94) 


age 

26—50 pack-years 

1.5 (0.7-3.1) 



49 428 men 



>50 pack-years 

2.8 (1.3 5.7) 

p for trend = U.004 


2 116 229 person— 



Women 




years 



Former smoker 

l.l <0.7-1.7) 






Current smoker 

2.4(1.6-3.6) 






l—l 0 pack—years 

1.1 <0-6—1.9) 






1 1—25 pack—years 

1.6 (1.0-2.7) 






26-50 pack-years 

2.1 (1.4-3.3) 






>50 pack—years 

1.3 (0.7-2.7) 

p for trend = 0.01 





All 

Former smoker 

1.2 (0.8—1.7) 






Current smoker 

2. 5 <1.7-3.6) 






1—10 pack—years 

1.0 (0.6-1.6) 






1 1—25 pack—years 

l.S (1.0-2.3) 






26—50 pack—years 

1.9 (i.3-2.8) 






>50 pack—years 

Current consumption 
Men 

1.8 (1.1-3.0) 

p for trend = 0.04 





1 — 10 pack—years 

1.3 (0.3—S.4) 






1 1—25 pack-years 

2.7 (1.4-5.1) 






26-50 pack-years 

2.8 (1.8-4.4) 






>50 pack—years 

2.1 (1.2-3.8) 

p for trend < 0.001 

Table 2.I.5.2 (contd) 

Reference 

Subjects 

No. of cases 

Covariates 

Smoking category and/or 

Relative risk 

Comments 

Country and 


and/or 

adjusted for 

amount smoked 

(95% Cl) 

years of study 


deaths 





(1996) (contd) 


Women 
1—10 pack—years 
I 1—25 pack—year* 
26—SO pack—years 

> 50 pack—years 
Past consumption 
-<15 years 

1-5 pack-years 
6—15 pack—years 
16—25 pack—years 

> 25 pack—years 
S 15 years 

1—5 pack—years 
6-3 5 pack—years 
16—25 pack—years 


1.0 ( 0 . 6 - 1 . 7 ) 
1.2 (0.7-2.0) 

1.2 (0,7-2.1) 

1.3 (0.6—2.9) 


0.6 (0.5—6.5) 
3.9 (0.9-16) 
4.8 (1.1-22) 

5.5 (1.1-27) 

1.6 (0.3—8.1) 
0.5 (0.1-2.3) 
0.8 (0.2—3.3) 


p for trend = 0.03 


P for trend = 0.01 


Murata et at. 
(1996) 

Chiba Center 
Association Study 

2 


Japan 

12 


1984-93 


5 


Yuan et a}. 

Shanghai Men’s 

21 cases 

Age and 

(1996) 

Study 


alcohol 

China 

18 244 


consumption 

1986-93 

98 267 person- 
years 



Hamack et al. 

Iowa Women’s 

66 cases 

Age 

(1 997) 

Health Study 


USA 

33 976 women 



1986-94 

291 598 person— 




years 


>25 pack—years 

0.S (0.1-2.2) 

P for trend = 0.69 

Cigarette s/d ay 


Small study; small 

1 —10 

0.3 

number of cases 

1 1-20 

0.7 


>21 

0.8 


Ever-smoker 

1.8 

No significant dose 

< 20 cigaretces/day 

1.5 

response relationship 

£ 20 cigaxettes/day 

2.1 


Former smoker 

U (0.6-2.1) 


Ever-sxn u kcr 

Current smoker 

2.4 (1.3—4.2) 


<20 pack-years 

1.1 (0.5-2. 5) 


S 20 pack—years 

1.9 (1.1-3.3) 

p for trend = 0.02 




3006392257 
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Reference Subjects 

Country and 
years of Study 

Li aw Sc Chen Taiwanese Study 

<1997) 

China, Province 
of Taiwan 
J 982-94 

Nordlund ei at. Swedish Census 
(1997) Study 

Sweden 26 032 women 

1963—89 600 000 person- 

years 


No- of cases 

and/or 

deaths 


Tulinius et at. 
(1997) 
Iceland 
1968—95 


Reykjavik Study 

I l 366 men, 

II 58D women 


101 cases 
(65 men, 
36 women) 


Co variates 

adjusted for 

Smoking category and/or 
amount smoked 

Relative risk 
(95V, Cl) 


Current smoker 

0.3(0.1-0.9) 

Age and place 

Former smoker 

2.5 <1.1-5.3) 

of residence 

Current smoker 

1.8 (1.1-2.9) 


1—7 cigarettes/day 

2.0 (1.2-3.5) 


8-15 cigarettes/day 

1.4 <0.6—3.4) 


. 2 : 16 cigarettes/day 

L.6 <0.4-6.7) 

Age, place of 

Age at starting smoking 


residence and 

(years) 


amount of 

20-23 

1.1 CO-3-3.2) 

tobacco 

< 19 

0.6(0.1-2.«) 

smoked daily 


Age 

Men 



Former smoker 

2.4 (0.7-7.6) 


1-14 cigarettes/day 

7.2 (2.3-22.3) 


15—24 cigarettes/day 

10.2 (3.4-30.6) 


& 25 cigarettes/day 

Women 

12.5 (3.7-4J.7) 


Former smoker 

0.9 (0.3-2,8) 


1—14 cigarettes/day 

1.5 <0.7-3.5) 


1 5—24 cigarettes/day 

1.7 (0,6—4.4) 


^ 25 cigarettes/day 

4.5 (1.0-20.1) 


Analysis for men only 
because of small 
number of deaths in 
women; small number 
of cases 


p for trend = 0.6 


Table 2.1,5,2 (contd) 

Reference Subjects 

Country and 
years of study 


Stolzenberg- 

Solomon et at. 

( 2001 ) 

Finland 

1985-88 


A Ipha -Tocoph eml 
Beta-Carotene 
Cancer Prevention 
Study 
27101 men 


Mo. of cases Covariates 

and/or adjusted for 

deaths 

1 57 cases Age 

(continuous) 

and 

intervention 

(ct-tocopheral 
and p-carotene 

supplements) 


Smoking category and/or 
amount Smoked 

Relative risk 
(95% Cl) 

Comments 

Cigarettes/day 


AH reference groups 

c 14 

1.0 

comprise light smokers. 

14-19 

1.4 (0.9—2.4) 


20 

1.1 (0.7-1.9) 


21-25 

1.3 (0.8—2.3) 


>25 

1.8 (1.1-3.0) 

p for trend — 0.05 

Duration (years) 

<30 

r.o 


30-34 

1.1 (0.6—2.1) 


35-39 

1.2 (0.7-2.0) 


40-12 

1.5 (0.9—2.5) 


> 42 

1.4 (0.8-2.6) 

p for trend — 0.22 

Pack—years 

<22 

1.0 


22-31 

1.2 (0.7-2.0) 


32-39 

1.3 (0.7- 2.1) 


40—49 

1.3 (0.7-2,l) 


>49 

1.7 (1.0-2.7) 

p for trend =0.04 

Age at starting smoking 
(years) 

< 17 

1.0 


17-18 

0.9 (0.6-1.4) 


19 

1.0 (0,5-1.9) 


20-21 

0.9 (0.5-1.4) 


> 21 

1 .0 (0.6-1 .6) 

p for trend -• 0.85 

Smoke inhalation 

Never/seldom 

1.0 


Often 

0,9 (0.5-1.7) 


Always 

1,3 (0.7-2.2) 

p for trend — 0.14 


Cl, confidence interval 


3006392258 
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Table 2.1.5.3 (contd) 

Reference Subj 

Country and 
years of study 

Wynder«?faJ. Wot 

(1983) (contd) 


Kinlen & 

McPherson (1984) 
UK 

1952-54 


Gold era/. (1985) 
USA 
1978—80 


Men and 
women 


Hsieh et at. (I 986) Men and 

USA women 

1981-84 


Smoking categories 


C igaret tes/day 

I— 10 

II - 20 
21-30 

Former smoker 

C igar cUes/week 

10-49 

50-149 

> 150 

Pipe 

10-49 

50-149 

Ever-smoker 

Smoker > 5 years 

Smoker > 1 pack/day 

Never quitter 

Ever-smoker 

Smoker > 5 years 

Smoker £ 1 pack/day 

Never quitter 

Former smoker 

Currem smoker <1 pack/day 

Current smoker > I pack/day 
X 2 for trend 


Odds ratio (95% CD 


1.8 

1.5 

2.0 (p < 0.05) 

1.4 

1.3 (0.5-3.2) 

1.6 (0.8-3.1) 

1,05 (0.4-3.0) 

1.2 (0.6-2.6) 

1.1 (0.4—2.9) 

1.6 (0.6-*.!) 

1.4 (0.8-2.3) 

1.1 (0.1-1.9) 

0.9 (0.6-1.5) 
1.7(0.9-3.4)0 = 0,092) 

1.2 (0.7-2.0) 

1.2 (0.7—2,0) 

1.3 (0.8-2.2) 

2.7 (1.3—5.7) O = 0.0064) 
1.0 (0.6-1.7) 

1.8 (0.8-3.9) 

1.9 (!.1-3.3) 

5.0 (p - 0.03) 


Adjusted for age and sex 


Hospital controls 


Community controls 


Adjusted for age and sex 


3006392259 
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Table 2.1.5.3 (contd) 




Reference 

Country and 
years of study 

Subjects 

Smoking categories 

Odds ratio (95% Cl) 

Comments 

Mack etal. (1986) 

Men and 

Pack/day 



USA 

■women 

£ 1 

2.4 (1.7-3.6) 


1976-81 


> 1 

2.1 (1.4-3.2) 



Men 

£ 1 

1.8 (1.3-20.8) 



Women 

< 1 

2.9 (1.5—5.8) 


Wynder et ctl. 

Men 

Former smoker 

1.3 (0.7—2.4) 


(1986) 


Cigarettes/day 



USA 


1-20 

3.5 (1.8-6.5) 


1981-84 


> 21 

2.9 (1.5-5.7) 



Women 

Former smoker 

1.2 (0.7-2.1) 




C igare tles/dav 





1-20 

1.5 (0.8-2.7) 




>21 

4.8 (2.4-9.5) 


La Vecchia et at. 

Men and 

>15 cigarettes/day 

1.4 (0.9-2.1) 

Adjusted for sex and age 

(1987) 

women 




Italy 





19S3-86 





Clave! etal. (1989) 

Men 

Former smoker 

1.0 (0.5-2.14) 

Adjusted for foreign origin, educational 

France 


Cigare ttes/day 


level, coffee and alcohol consumption 

1982-85 


1-20 

1.7 (0.8—3.7) 




S 21 

1 A (0.6—3.5) 




Years of cigarette smoking 





1-29 

0.8 (0.4-1.9) 




30-39 

1.0 (0.5-2.3) 




a 40 

1.9 (O.S-4.3) 




Years at first cigarette 





< 17 

1.8 (0.7—4.3) 




18-19 

0.9 (0.4-2.2) 


f 


S 20 

1.5 (0.7-3.0) 



1 


i 

\ 


Table 2.1.5.3 (contd) 

Reference 

Country and 

years of study 

Subjects 

Smoking categories 

Odds ratio (95% Cl) 

Comments 

Clavei et al. (1989) 
(contd) 

Women 

Former smoker 

C igarettes/day 

1-20 

S 21 

Years of cigarette smoking 

1-29 

30-39 
> 40 

Years at first cigarette 

< 17 

18-19 

2 20 

0.8 (0.3—2.5) 

1.0 (0.3-3.3) 

2.7 (0.5-14.1) 

1.0 (0.4-2,6) 

0.9 (0.2-3.7) 

1.7 (0.4—6,7) 

3.4 (0.7-15.9) 

0.4 (0.0-6.0) 

0.9 (0.4-2.2) 



Cuziok & Babiker Men 
(1989) 

UK 

1983-86 

Women 


Men and 
women 


Cigarettes/day 
< 10 
10-20 
> 20 

X 2 for trend 
< 10 
10-2Q 
> 20 

lor trend 

< to 
10-20 
>20 

X 2 for trend 


^ ^ Adjusted for age, sex and social class 

1.7 

4.1 {p <Q.QI) 

3.74 (pc 0.05) 

0.8 

1.1 

5.5 (p <0.1) 

1.11 ip >0.05) 

LI 

1.3 

4.4 ip ■< 0.01) 

5.80 (p < 0.01) 


3006392260 
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Table 2.1.5.3 (contd) 


Reference Subjects 

Country and 
years of study 

Ferraroni el al. Men and 

(1989) women 

Italy 
1983-88 


Falk et al (1990) 
USA 

1979-1983 


Baghurst el al. 
(1991) Australia 
1984-87 

Bueno de Mesquita 
etal. (1991) 

The Netherlands 

1984-88 


Men and 
women 


Men and 
women 


Smoking categories 


Former smoker 
Current cigarette smoker 
Cigar et les/dcty 
<15 
15-24 
^23 

Cigarettes/day 
1—19 
20-29 
> 30 

Former smoker 
Current smoker 

All smokers 

Cigarettes in lifetime 
Low <111 200 
High >111 200 
% 2 tor trend 
Current smoker 
Low 

High 

X 2 for trend 

Current smoker < 43 years 
Low 
High 

X 2 for trend 

Current smoker £ 44 years 
Low 
High 

X 2 for trend 


Odds ratio (95% Cl) 


1.7 

23 {p = 0.05) 

1.8 

1.1 ( 0 . 6 — 2 . 2 ) 

1.8 (0.9-3.3) 


1.4 (0.8-2.5) 

1.7 (1.0-3.1) 

3.26 

1.6 (0.7-3.8) 

2.0 (1.0-^*.0)0?<0.05) 
4.02 <p < 0.05) 

2.1 (0.8—5.5) 

2.3 (0 9-6.1) 

3.52 

0.7 (0.1 6.7) 

1 .8 (0.8—4.4) 

1.69 


Adjusted for age, sex, alcohol, education, 
marital status, coffee consumption; p for 
trend: 1 25.No difference when adjusted for 
age and sex only 


Adjusted for age, type of respondent, 
ethnicity, area of residence, income, and 
pork and fruit intake 

X 2 for trend with increasing alcohol 
consumption: 8.26 (/> — 0.004) 

Adjusted lor age, sex, response type, energy 
intake and vegetable consumption 


Table 2,1,5,3 (ccuitd) 

Reference Subjects 

Country and 
years of study 

Bueno de Mesquita 
et al. (1991) (contd) 


Ghadirian et al. 
(1991) Canada 
1984-88 


Men and 

women 


Smoking categories 


Former smoker 

Cigarettes in lifetime 


Odds ratio (95% Cl) 


Low £lll 200 

1.4 (0.7-2.6) 

High > 11 1 200 

1.1 (0.4-2.7) 

X 2 for trend 

0.24 

urmer smoker 

Cigarettes (lifetime) 

< 104 025 

1.0 (€.3-2.8) 

104 025-219 000 

3.4 (1.2-9.4) 

219 000-405 150 

5.4 (1.8-16.7) 

> 405 150 

4.0(1.3-12,2) 

X 2 for trend 

1 1.70 

Years of smoking 

1-20 

1.2 (0.4-3.4) 

21-32 

2.9 (1.0-8.1) 

33-39 

3.0 (1.1-8.7) 

> 39 

6.2 (2.0-19.S) 

X 2 for trend 

] 1.97 

urrent smoker 

Cigarettes (lifetime) 

<146 000 

3.6 (1.3-10.0) 

146 000-301 125 

1.9 (0.7-5.4) 

301 1 25—459 900 

2.4 (0.9-6.2) 

>459 900 

5 .2 (1.7-16.1) 

X 2 for trend 

8.30 

Years of smoking 

1-28 

2,1 (0.6—7.2) 

29-40 

2.9 (1.0-8.3) 

41—48 

3.0(1.1-8.7) 

> 48 

3.2 (1.1-9.2) 

X 2 for trend 

9.03 


Adjusted for age, sex, schooling and 
response type 
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Table 2 , 1.5.3 (contd) 


Reference 

Country and 
years of study 

Subjects 

Smoking categories 

Odds ratio (95% Cl) 

Comments 

Howe et al. (1991) 

Men 

Packs/year 


Adjusted for calorie and Fibre intakes 



0-17.9 

0.9 (0.4-1.9) 


1983-86 


17.9-37.5 

1.6 (0.8-3,1) 




>37.5 

1.6 (0.8-3.2) 



Women 

0-17.9 

1-4 (0-7—2.8) 




17.9-37.5 

34(1.5-7.5) 




> 37.5 

4.7(2.0-11.4) 



Men and 

Former smoker 




women 

Packs/year 





0-17.9 

0.7 (0.4-1.3) 




17.9-37.5 

l .6 (0.8—3.2) 




> 37.5 

1.2 (0.6—2.6) 




Current smoker 





Packs/year 





0-17.9 

2.1 (1.0-4.5) 




17.9-37.5 

2.9 (1.6-5.4) 




> 37.5 

3.4(1.9-6.1) 


Vioque & Walker 

Men and 

Former smoker 

0.9 (0.4-1.7) 

Adjusted for blood type, age, sex arid 


women 

Current smoker 

2.3 (0.7—7.3) 


Multinational; early 


Packs/day 



1961)s to beginning 


0.5 

1.2 (0.5—3.0) 


of 1980s 


1 

1.6 (0.8-3.3) 




>2 

1.8 (0.7—4.7) 


Lyon et al. (1992) 

Men and 

Packs/year 


Adjusted for age, coffee consumption and 


women 

1-25 

1.0 (0.5-2.3) 

religion 



2=25 

2.7 (1.4-5.2) 



Table 2.1.5.3 (contd) 

Reference 

Country and 
yeare of study 

Subjects 

Smoking categories 

Odds ratio (95% Cl) 

Comments 

Mizuno et al. 

Men, at onset 

Ever-smoker 

2.4 (1.1-5.3) 

Adjusted for age, sex and place of enrolment 

(1992) 

of study 

Current smoker 

2.8 0.2-6.4) 


Japan 


Cigarettes/day 



1989-90 


Light sjTtoker (1—12) 

6.2 (1.7-22.8) 




Medium smoker {13-22) 

1.8 (0.7—4.9) 




Heavy smoker (> 23) 

2.5 (0.8-7.6) 



Men, 10 years 

Former smoker 

1.2 (0.4-3.4) 



prior study 

Cigarettes/day 





Light smoker (1-12) 

4.5 (1.5-13.2) 




Medium smoker (13—22) 

2.6 (1.0-6.5) 




Heavy smoker (£23) 

2.6 (0.9—7.0) 


Kalapotbaki et al. 

Men and 

C igarettes/day 


Adjusted for age, sex and hospital 

(1993) 

women versus 

1-10 

1.3 (0.5—2.9) 


Greece 

hospital 

11-20 

1.5 (0.9—2.7) 


1991-92 

controls 

£ 21 

1.4 (0.8—2.4) 



Men and 

1-10 

1.0 (0,5-2.3) 



women versus 

11-20 

1.9 0.0-3.5) 



visitor controls 

£21 

1.8 (0.9-3.6) 


Zatonski et al. 

Men and 

Ever-smoker 

1.5 (0.8-2.8) 

Quartites lifetime cigarette consumption. 

(1993) 

women 

Quart tie 2 

0.8 (0.4-1.8) 

Adjusted for schooling, age and sex 

Poland 


Quartile 3 

2.9 (1.3-6.6) 


1985-88 


Quarti le 4 

1.5 (0.7-3.5) 




X 2 for trend 

3.52 (p = 0.06) 


Silverman et al. 

Men 

Years of smoking 


Adjusted for age, ethnicity, sex, area. 

(3 994) 


c 20 

1.4 (0.8-2,3) 

income, alcohol consumption and 

USA 


20-39 

1.6 (1.1-2.4) 

gallbladder disease 

1986-89 


£ 40 

1.7 (l.J-2.7) 




p for trend 

0.009 



Women 

<20 

0.7 (0.3-1.3) 




20-39 

2.0 (1.3-3.0) 




£ 40 

2.8 Cl 8-4.3) 




p for trend 

< 0.0001 



3006392262 
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Table 2.1.5.3 (contd) 


Reference 

Country and 
years of study 

Subjects 

Smoking categories 

Odds ratio (95% Cl) 

Comments 

Silverman et af. 

Men and 

Ever-smoker 

1.7(1.3-2.2) 


(1994) (contd) 

women 

Former smoker 

1.4 (1.1-1.9) 




Current smoker 

Cigare ttes/dav 

2.0 (1.5—2.6) 




<20 

1.3 (0.9-1.7) 




20-39 

2.2 (1.7-3.0) 




>40 

1.8 (l .2-2.8) 




p for trend 

< 0.0001 




Years of smoking 
< 20 

1.1 (0.7-1.6) 




20-39 

l.S (!.3-2.4) 




>40 

2.1 (1.6-2.9) 




p for trend 

< 0.0001 




Packs/year 
< 20 

1.3 (0.9-1.7) 




20-44 

1.9 (1.4-2.6) 




S45 

2.2(1.6-3.1) 




p for trend 

< 0.0001 


Oullo St at. (1995) 

Men 

Former smoker 

0.6 (0.4—0.9) 

Adjusted for age 

Italy 


Current cigarette smoker 



1987—89 


Cigar at tes/day 
<20 

0.9 (0.6-1.5) 




>20 

1.6 (0.9-2.8) 



Women 

Former smoker 

Current cigarette smoker 

1.0 (0.3-1.9) 




Cigar ettes/day 
<20 

2.2 (1.3-3.7) 


V' ■ - 


>20 

0.6 (0.1—2.7) 


i 

? 

■ .mil., ii r . 


i: •; '■ 




Table 2.1.5.3 (contd) 


Reference 

Country and 
years of study 

Subjects 

Smoking categories 

Odds ratio {91 

Gullo eial. (1995) 

Men and 

Former smoker 

0.7 (0.5-1.0) 

(contd) 

women 

Current cigarette smoker 




Cigarettes/day 




20 

1.3 (1.0-1.9) 



> 20 

1.4 (0.8-2.4) 

Ji et al. (1995) 

Men 

Former smoker 

1.2 <0.8-2.0) 

China 


Current smoker 

1 .6 (1.1-2.2) 

1990-93 


Cigurettes/day 




1—9 

0.9 <0,5-1.6) 



10-19 

1.3(0.8-2.0) 



20-29 

1.7 (J. 1-2.4) 



> 30 

5.0 (2.7-9.3) 



p for trend 

<0.0001 



. Years of smoking 




0.5-19 

0.8 (0.4-1.5) 



20-29 

1.4 (0.8-2.3) 



30-39 

1.7 (J .0—2.7) 



> 40 

2.3 (1.5-3.5) 



p for trend 

< 0.001 



Packs/year 




< 15 

0.8 (0.5-1.4) 



15-34 

1.5 (1.0—2.2) 



^ 35 

2.4 (1.6-3.6) 



p for trend 

< 0.0001 



Age at starting smoking (years) 




5: 30 

1.5 (1.0-2.3) 



20—29 

1.6(1.1-2.3) 



< 20 

1-7 (1.0-2.6) 



p for trend 

0.01 


Comments 


Adjusted for age and sex 


Adjusted for income and age (men), income, 
age, education and green tea drinking 
(women). Results npt affected when analysis 
restricted to cases with histological 
confirmation; or whether or not interviews 
were conducted with next of kin or directly 
with the subject. Attributable risk: 24.3% 
(men, 95% Cl, 7.1 -4 1.3): 5.9% (women, 
95% Cl, 1.6-13.4) 


-t- 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.5.3 (contd) 


Reference Subjects 

Country and 
years of study 


Ji et al. (1995) Women 

(contd) 


Siemiatycki et al. Men 
(1995) 

Canada 

1979-86 


Smoking categories Odds ratio (95% Cl) Comments 


Former smoker 
Current smoker 
Cigarettes/day 
1-9 

10—19 
& 20 

p for trend 
Years of smoking 
0.5-19 
20-29 
30—39 

> 40 

p for trend 
Packs/year 
< 10 

> 10 

p for trend 

Age at starting smoking (years) 

>25 

<25 

p for trend 


1.6 (0.6-4.0) 
1-4 (0.9-2.4) 


1.1 (0.5—2.3) 

1.3 (0 5-3.2) 
2.8 (1,1-7.0) 
0.05 

0.6 ( 0 . 2 — 2 , 2 ) 

1.4 (0.5—4.0) 
1.7 (0.7—4.4) 
2.0 (0.9—4.4) 
0.06 


1.0 (0.5-2.0) 
2.0(1,0-3.8) 
0.07 

1.2 (0.6-2.1) 
2.4 (1.0-5.6) 
0.07 


Ever-smokcr 
Packs/year 
5 25 
25-49 
50-74 
S 75 


1.6 (0.9-3.0) 

J .2 (0.5—2,6) 

1.7 (0.9—3.5) 

1.8 (0.8—3.7) 

1.9 (0.9—4.1) 


Adjusted for age 
p for trend < 0.05 




Table 2.1.5.3 (contd) 

Reference S ubjee t$ 

Country and 
years of study 


Fernandez et al, 
(1996) 

Italy 
1 983-92 


Cee et al. (1996) 
China, Province of 
Taiwan 
I 989-94 


Men 

Women 

Men and 
women 
Men and 
women (oil 
Cases) 


Tvtishi et al. (1996) 
Japan 

1987-92 

Ohba ei al. (1996) 

Japan 
1987 92 


Men and 
women 

Men and 
women 


Smoking categories Odds ratio (95% Cl) Comments 


Former smoker 
Current smoker 
Former smoker 
Current smoker 
Former smoker 
Current smoker 
Ever-smoker 
Cigarettes/day 
< 10 
10-20 
>20 

X 2 for trend 
Years of smoking 

< lO 
11-20 
21-30 
> 30 

X 2 fur trend 

Smoking index (consumption x 
duration) 

< 500 
500-999 
2 1000 

X 2 for trend 
Current smoker 


Former smoker 
Current smoker 


1.4 (0.9-1.2) 

1.3 (0.9-1.9) 

0.9 (0.4-2.0) 

I. 3 (0.8-2.2) 

J. 3 (0.9-1.9) 

1.3 (0.9-1.7) 

2.3 (1.6—3.3) (p <0.01) Multivariate model unspecified. Odds ratios 

for histologically confirmed cases were 
2.0 (1.0—4.0) similar 

2.2 (1.4-3.4) 

2.7 (1.6—4.7) 

22.02 (p <0.001) 

1.4 (0.3—6.8) 

1.3 (0.5-3.3) 

2.7(1.1-6.4) 

2.5 (1.7-3.7) 

24.37 (p c 0.001) 


Adjusted for sex, age, area, education and 
risk factors for pancreatic cancer identified 
in this population 


O 

CD 


2 

o 


1.7 (1.0-3.2) 

2.4 (1.5—4.1) 

2.6 (1.6-4.4) 
22.45 (p c 0.001) 

1.5 (0.8-3.1) 

2.0 (0.9-4.2) 


1.3 (0.7-2.1) 
1.3 (0.8-2.0) 


Among never-d Tinkers of coffee 

Among drinkers of > 3 cups of corfee/day 

Adjusted for age and sex 

Univariate model. Smoking rates of the 

study place (Hokkaido) higher than national 

average 


3006392264 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.15.4. Case-control studies on tobacco smoking and cancer of the pancreas; 
smoking cessation 


Reference 
Country and 
years of study 

No. of years since quitting 

Odds ratio (relative to never-smokers) 

(95% Cl) 

Mack *■/«/. (1986) 0-4 

3.3 (1.6—6.9) 


USA 

5-9 

2.3 (1.2-4.3) 


1976-81 

> 10 {smoked $ 1 pack/day] 

1.1 (0.7-1.4) 



(smoked > 1 pack/day) 

13.9(0.5-1.7) 


Citfick & Bahikcr 

Men 

Women Men and women 

(1989) 

<10 

16(/i<(l.0t) 

08 1.7 

UK 

10-20 

3.6 (p< 0.05) 

1.0 1.8 

1983-86 

>20 

1.3 

1.1 1.0 


l‘ for trend 

8.64(><0.01) 

0.23 3.J4(p<0.l) 

Bueno de Mesquita 

Imw ramumptm 

High consumption 

el al (1991) 


(<lll200ciga. 

(> 111 209 cigarettes 

Netherlands 


rettes in lifetime) 

in lifetime) 

1984-88 

2-14 

2.0(0.8-50) 

1.7 (0.6—4 6) 


>15 

10(0.5-2.2) 


Howe el al. (1991) 2-9 

1.8 


Canada 

10-19 

1.4 


1983-86 

>20 

0.7 


Silverman cl al. 

1-2 

3.1 (20-5.0) 


(1994) 

3-5 

2.0(1.1-35) 


USA 

6-10 

1.8(1.1-2.9) 


1986-89 

11-20 

1.2(0,8-1.9) 



>20 

1.3 (0.8—1.9) 


Jielal. (1995) 

61 

3.8(1.4-1022) 


China 

2-9 

1.6{0.8-3.0) 


1990-93 

>10 

0.7(0.3-15) 



p for trend 

0.02 


Muscat el al. 


Men 

Women 

(1997) 

1-2 

1.7 (0.8-3.7) 

10.6(2.9-39.2) 

USA 

3-5 

05(0.2-1.1) 

15(0.6-3.7) 

1985-93 

6-1(1 

1.2(0.6-23) 

2.1 (0.9-45) 


>10 

1.1 (0.7-1.6) 

1.6(1.0-2.7) 


f foi trend 

NS 

<0.05 

Partanen eta!. 

Any tobacco 



(mi) 

Early quitters (before 1975) 

1.210.9-1.6) 


Finland 

Late quitters (quit 1975-83) 

1.8(13-2.6) 


1984-87 

Continued smoking 

25(1.9-3.2) 



Cigarettes 




Early quitters (before < 1975) 

1.2(0.9-15) 



Late quilters (quit 1975-83) 

1.8(1.3-25) 



Continued smoking 

25(1.9-3.3) 



UUU 


00 


3006392266 



3006392267 
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Table 2,1.5.5. Case-control studies oa tobacco smoking and cancer of the pancreas* 
type of tobacco and/or cigarettes 


Reference Type of tobacco Odds ratio (relative to never smokers) (95% Cl) 

Country and 
years of study 


Bueno de 

Filter-tipped 

1.4(09-2.1) 




Mesquita et al. 

cigarettes 





(1991) 

Ur tipped cigarettes 

1.9 (1.2-3.2) 




Netherlands 
•1984-88 

Low-tar cigarettes 

t .8 (0.7—4.5) 




Ghadirian et al 
(1991) 


Quintiles (total cigarettes 

in lifetime) 








Canada 


Q2 Q3 

Q4 

Q5 

72 for 

1984-88 


(83 850) (193 450) 

(319875) 

(1814 963) 

bend 


Filter-tipped 

cigarettes 

6.9 2.5 

1.6 

2.9(1.5-59) 

9.73 


Untipped cigarettes 

1.3 1.4 

1.4 

5.1 (2.0-13.1) 

8.88 


Low-tar cigarettes 

0.5 2.5 

3.0 

24(1.1-5.5) 

7.07 

Howe et a1. 

Packs/vear of 





(1991) 

unlipped cigarettes 





Canada 

0-17.9 

0.9(0.6-14) 




1983-86 

17.9-37.5 

2.1 (1.1-4.2) 





>37.5 

0.9(04-2.0) 





Packs/year of filter¬ 
tipped cigarettes 
0-17.9 

1.3 (0.8-2.1) 





17*9-37.5 

2.3 (1.4-3.7) 





>37.5 

24(1.3-4.2) 
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j 6 Cancer of the stomach 
(a) Cohort studies 

A total of 29 prospective cohort studies have examined the association between 
0 ^g and stomach cancer. The details of the design of these studies are described in 
31 “and Table 2.1.6.1. Summary findings arc presented in Tabic 2.1.6.2. 


(i) Intensity and duration of smoking 

Intensity (cigarettes/day), age at starting smoking and/or duration of smoking were 
die d ^ almost all of the cohorts. Sixteen cohort studies reported a statistically 
significant association between smoking and the risk for stomach cancer, with odds ratios 
gi ng from 1.4 to 2.6 in current smokers (Kahn, 1966; Hirayama, 1982,1985; Kono 
elal., 1987. Akiba& Hirayama, 1990; McLaughlin etal, 1990; Nomura eta!., I990a,b; 
toiler el ah, 1991; Kato et al. , 1992a; Doll el ai, 1994; McLaughlin ct at., 1995; 
Kotnura ei al. , 1995: Liaw & Chen, 1998; Gao et al., 1999; You et al., 2000; Chao el al ., 
2002). In eight of these studies, significant dose-response relationships were observed 
between intensity of smoking and the risk for stomach cancer (Kahn, 1966; Hirayama, 
1985 ; Akiba & Hirayama, 1990; McLaughlin eta!., 1990; Kneller ef al., 1991; Doll eta!., 
1994; McLaughlin el al, 1995; Cao et al., 1999) and in five studies between duration of 
smoking and risk for stomach cancer(McLaugldin ef d., l990;Nomurae/o(., 1995; Liaw 
& Chen, 1998; You et al, 2000; Chao et al, 2002). In eight cohort studies, the increase 
in risk associated with smoking was statistically noil-significant (Hammond, 1966; Doll 
&Peto, 1976; Katoef al., 1992b; Tverdal et al, 1993; Engeland etal, 1996; Yuan et al., 
1996; Nordlund et al, 1997; Mizoue et al., 2000). Five studies did not find any asso¬ 
ciation between smoking and stomach cancer (Guo etal, 1994;Muratae/o/., 1996, Chen 
eld, 1997; Tulinins et al, 1997; Terry etui, 1998). 

’ Many studies that have tested the statistical significance of trend in risk with duration 
of smoking or number of cigarettes/day have included nonsmokers in the analysis. [The 
Working Group noted that the preferred approach is to limit testing for trend to exposed 
peisons across gradients of exposure.] 

(ii) Smoking cessation 

Relative risks in former smokers have been examined in 16 studies and two studies 
have assessed the effect of number of years since quitting (Guo ct al, 1994; Chao et al, 
2092). The risk in former smokers ranged from 1.2 to 2.6 in men and women combined, 
(ram 0.9 to 2.2 in men and from 0.2 to 1.4 in women. Increasing number of years since 
cessation and younger age at cessation were associated with a significant trend in 
decreasing risk (Chao et al., 2002), 

(iii) Effect of sex 

Data for men and women were combined in five studies, seven studies presented data 
separated by sex, 16 studies presented results for men only and one study for women only. 


-557- 



Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 



1ARC MONOGRAPHS VOLUME 83 


TOBACCO SMOKE 


559 


558 

Generally, the numbers of incident cases and of deaths from stomach cancer in wotn» 
were small, The risks for stomach cancer associated with smoking were assessed sens' 1 
rately for women in only seven cohort studies and, of these, only three reported signified 
increases in risk (Akiba & Hirayama, 1990; Gao et al ., 1999; Chao et al. 2002), In fl/ 
studies, increases in risk were statistically non-significant (Hirayama, 1982; Kato et a i 
1992a; Nordlund et al, 1997) and, in one study, smoking was not associated with risk fa’ 
stomach cancer (Engeland et al ., 1996). 0t 

(iv) Bias and misclassification 

Several limitations of cohort studies should be considered. First, some studies reported 
a low response rate in the initial survey and a high proportion of individuals who were lost 
to follow-up, leading to selection bias. Second, most cohorts were followed passively and 
the information on smoking habits was based only on the initial survey, although many 
cohort members could have subsequently changed their smoking habits. Therefore, mis¬ 
classification of former smokers as current smokers is possible. Thus, the risk for 
cancer is most probably underestimated in most, if not all, cohort studies. The results of 
cohort studies could also be confounded by the effects of alcohol consumption. Only Seven 
studies adjusted relative risks for alcohol consumption (Kono el al., 1987; Kato et al 
1992a; Nomura et al, 1995; Chen etal, 1997; Liaw & Chen, 1998; Mizoue et at., 2000; 
You et al., 2900). In most of these studies, the risk for stomach cancer in smokers was 
significantly different from unity, 

(h) Case-control studies 

Forty-five case-control studies detailed in Tables 2.1.6.3 and 2.1.6.4 have reported 
results regarding the influence of smoking on the risk for stomach cancer. Some very 
weak, early studies, although reported in Tables 2.1.6.2 and 2.1.6.4 for completeness, will 
not be considered further here (Wynder el al., 1963; Staszewski, 1969; Ames & Gamble, 
1983). Twenty-three studies were hospital-based, one was a retrospective mortality study 
and 18 studies were population-based. In most studies, odds ratios were adjusted for 
variables such as sex, age, residence, socioeconomic status, income, diet and consumption 
of fresh fruits and vegetables. Odds ratios were adjusted for alcohol consumption ia 18 
studies (Hoeyc/a/., 1981; Correa etal., l985;Hue/a/., 1988; You et al, 1988; Ferraroni 
et al., 1989; Dc Stefani et al., 1990; Lee et al., 1999; Jedryehowski et al., 1993; Kabat 
et al., 1993; Siemiatycki et a!., 1995; Ji et al., 1996; Zhang et al, 1996; Gammon etal , 
1997; De Stefani etal, 1998; Inouc etal., 1999, Yc etal., 1999; Lagergren etal., 2000; 
Zaridecefai., 2000). 

(i) Intensity and duration 

Thirty-one case-control studies (Haenszei et at, 1972; Hoey et al, 1981; Coma 
ft al, 1985; Risch et al, 1985; Hu et al, 1988; You et al, 1988; De Stefani et al, 1990; 
Kato et al, 1990; Lee e/ a/., 1990; Wu-Williams e/ a/., 1990; Docketty etal, 1991, Saha, 
1991; Yu & Hsieh, 1991; Rabat et al., 1993; Hansson. et al, 1994; Tnoue et al, 1994; 


cpmiatycki etal, 1995; Yu etal, 1995; Gajalakashmi & Shanta, 1996; Ji et al, 1996; 
et al., 1996; Gammon et al, 1997; De Stefani etal, 1998; Liu et al., 1998; Chow 
al 1999; Inoue et al., 1999; Ye et a!., 1999; Lagergren et al, 2000; Mathew et al, 
1(100; Zandze et al, 2000; Wu et at., 2001) reported a statistically significant association 
Ltween smoking and the risk for stomach cancer. Most studies published after 1990 
jammed the effect of intensity and duration of smoking on the risk for stomach cancer. 

' t „ 0 j t 0 f them, there was a statistically significant dose-response trend between the 
number of cigarettes smoked daily, duration of smoking and/or age at start and the risk 
for stomach cancer (Hu et al., 1988; You et al, 1988; De Stefani et al, 1990; Kato et al, 
1990; Lee etal, 1990; Wu-Williams et al., 1990; Yu & Hsieh, 1991;Kabat etal., 1993; 
Hansson et al, 1994; Gajalakashmi & Shanta, 1996; Ji et al, 1996; Zhang et al., 1996; 
Gammon et al, 1997: De Stefani et al ., 1998; Ye et al, 1999; Lagergren et al, 2000; 
Mathew et al., 2000; Zandze et al, 2000; Wu et al, 2001). In nine studies, no association 
was found between smoking and the risk for stomach cancer (Jedryehowski et al., 1986; 
Buiatti aal, 1989; Ferrarom etal, 1989; Boeing etal, l99l;Buiattiefa/.,199l;Agudo 
etal., 1992; PaBi etal, 1992; Jedryehowski etal, 1993; Gao el al, 1999). 

(ii) Smoking cessation 

Twenty-Five studies examined relative risks in former smokers and several also exa¬ 
mined the effect of cessation of smoking (De Stefani et al, 1990; Kabat et al, 1993; 
Hansson etal, 1994; Inoue et al., 1994; Ji etal, 1996; Gammon et al, 1997; De Stefani 
a al., 1998; Chow cl al, 1999; Ye et al, 1999; Lagergren et at., 2000; Wu el a!., 2001). 
Quitting smoking was found to decrease the risk for cancer. A significant negative trend 
for increasing number of years since cessation was reported in six studies (Dc Stefani 
eld, 1990; Hansson el al, 1994; Inoue et al, 1994; Gammon et al, 1997; De Stefani 
etal; 1998; Lagergren et a!,. 2000), whereas two studies found no effect (Kabat et al, 
1993; Ji et al., 1996). However, in examining temporal trends in risk with time since 
cessation, some studies did not exclude persons who had quit recently, among whom 
increased risk may reflect cessation due to smoking-attributable disease. 

(iii) Subsites of stomach cancer 

. Several case-control studies presented studies by subsites (De Stefani et al., 1990; 
Wu-Williams etal, 1990; Saha, !991;Palliefa/., 1992; Kabat etal, 1993; Inoue et al, 
1994; Zhang et al, 1996; Gammon et al, 1997; De Stefani etal, 1998; Ye et al, 1999; 
Zardize et al, 2000; Wu et al., 2001). in all the studies that distinguished between cancer 
of the gastric cardia and distal stomach, an effect of smoking was seen on the risk for 
cancers at both sites. Dose-response relationships were observed between number of 
cigarettes smoked per day, duration of smoking and time since quitting for cancers of both 
sites. The significant association between smoking and cancer risk persisted when relative 
risks were examined separately for intestinal and diffuse histological types (Kato et al., 
1990; Ye etal, 1999) 
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(iv) Effect of sex 

Most studies included both men and women; seven studies reported results for men 
only and only eight reported results for men and women separately (Haenszel et a/., 1975 . 
Kato et oi. 1990; Kabat et al, 1993; Inouc et al., 1994; Ji et al, 1996; Liu et al., 199 ^. 
Chow et al.. 1999; Inoue et al., 1999). The number of cases of stomach cancer in women 
was generally small and the increase, in risk estimates was generally lower than that % 
men and was not statistically significant (Kate et al., 1990; Inoue et al, 1994; Ji et al, 
1996; Liu et al., 1998). However, in the studies in which a sufficient number of cases nf 
stomach cancer in women were included, the relative risks were significant and tm 
parable with those in men (Kabat ef al, 1993; Chow ef al, 1999; Inoue et al, 1999). 

(v) Effect of ethnicity 

The only study that investigated ethnicity reported u significantly higher risk for 
African Americans than for Caucasians (Correa el al, 1985). 

(vi) Type of tobacco and type of cigarette 

The effects of black and blond tobacco were distinguished only by De Stefani et al. 
(1990, 1998). Five studies evaluated the effect of filter tips (De Stefani et al., 1990; 
Jedrychowski et al., 1993; Gammon et al., 1997; De Stefani et a!., 1998: Chow et a!., 
1999) and one study looked at the effect of swallowing tobacco smoke (Saha, 1991). The 
risk associated with smoking black tobacco was higher than that for smoking blond 
tobacco (Dc Stefani et a!., 1990,1998). There was no dear difference in risk between 
smokers of filter-tipped or untipped cigarettes or whether or not smoke is swallowed. 

(vii) Bias and misdassification 

The relative risk for stomach cancer associated with smoking is most probably under¬ 
estimated, particularly in hospital-based case-control studies, because of 3 substantial 
proportion of controls with smoking-related diseases. Of special concern are the studies 
in which prevalence of smoking was higher in controls than in cases and in which controls 
with smoking-associated diseases were included (Haenszel el ul, 1976; Correa et al., 
1985; Jedrychowski et al, 1986; Lee et al., 1990; Boeing et al., 1991; Agudo et al., 1992; 
Zaridze et al., 2000) or in which the diagnoses of hospital controls were not reported 
(Haenszel eta!., 1972). 

(e) Helicobacter pylori infection 

A positive association between smoking and the risk for stomach cancer could be 
confounded by the effect of Helicobacter pylori infection status. A large body of evidence 
supports a causative role for H. pylori in stomach cancer. In 1994, !ARf recognized 
H. pylori as a class 1 human carcinogen (1ARC, 1994). 

None of the available cohort studies have assessed 11. pylori infection status. Two 
case-control studies investigated the interaction between H. pylori seropositivity and 
smoking in relation to the risk for stomach cancer (Zaridze et al., 2000; Sintan et al. 
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!()()[) T1k relative risk for stomach cancer was higher in H. pyiori-infected men (Zaridze 
' Ia i 2000). These results suggest that smoking may potentiate the carcinogenic effect of 
H. pylori. 

Several studies have shown that H. pylori infection status is not associated with 
smoking habit. Limburg etal. (2001) examined the association between seropositivity for 
fj pylori and different risk factors. The proportion of seropositive individuals was similar 
in nonsmokeis (58%) and in smokers (61%), Moreover, the prevalence of CagA-sero- 
positive individuals was higher in nonsmokeis (32%) than in smokers (24%). Another 
snidy in China looked at the association between the prevalence of H. pylori infection and 
smoking, alcohol consumption and diet. The prevalence of H. pylori positivity was lower 
among ever-smokers than never-smokers, with an odds ratio for ever-smokers of 0.9 
( 95 % CL 0.7-1.0). In the highest category of smokers, who had a lifetime exposure of 
more than 14 235 packs, the odds ratio was 0.8 (95% Cl, 0.6-1.1) (Brown et a!., 2002). 

Similar evidence has been obtained in Europe. The prevalence of seropositive subjects 
is similar among never- (50.9%), former (48.7%) and current smokers (45.1 %). In fact, the 
percentage of H. pylori seropositivity is somewhat lower among current smokers than 
among never-smokers (crude odds ratio, 0.8; 95% Cl, 0.7—0.90 (EUROGAST Study 
Group, 1993). In only one study conducted in northern England was smoking more than 
35 cigarettes/day found to be associated with higher risk for H. pylori positivity (Moayyedi 
et al., 2002). However, it should be noted that the proportion of subjects infected was 
identical in all categories of low smoking intensity. Overall, there is no association between 
H. pylori infection status and smoking. Therefore, 11. pylori is of little or no relevance with 
regard to potential confounding of the association between smoking and stomach cancer. 

(i fj Precursor lesions 

According to one widely accepted model of gastric carcinogenesis, development of 
stomach cancer is preceded by several precursor stages, including chronic atrophic 
gastntis, intestinal metaplasia and dysplasia. An increase in the relative risk for deve¬ 
loping these lesions has been shown to be associated with smoking, with a significant 
positive trend associated with intensity and duration of smoking. The magnitude ot the 
association was stronger for dysplasia than for metaplasia (Kneller et ul, 1991). You et al. 
(2000) found an increased risk for the progression of precursor lesions to dysplasia and 
cancer for subjects who had smoked for more than 25 years and a significant trend with 
increasing duration of smoking. 

Overall, the results from both cohort and case-control studies are consistent with a 
causal role of tobacco smoking in the development of stomach cancer. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2.I.6.1* Additional cohort studies on tobacco smoking and stomach cancer 
main characteristics of study design 


Reference 
Country and 
years of 
follow-up 


Cohort sample 


Cases/deaths 

identification 


Kato el al. 9753 male (> 40 years) 

(1992a) and female (> 30 years) 

Japan inhabitants of a 

1985-91 mountainous area of 

Aichi prefecture 

Kato et al 5395 patients receiving 

(1992b) gastroscopic 

Japan examination at Aichi 

1985-89 Centre Hospital 


Death certificates 


Linkage with ^astro- 
endoscopic records at 
Aichi Cancer Centre 
Hospital, Aichi Cancer 
Registry and death 
cert Scares 


Questionnaires linked to data from 
another questionnaire survey • 
conducted in 1983-84 that included 
information on smoking habits 

Diagnoses at baseline included: 
atrophic gastritis (mild, 
moderate/severe) f ‘extension on the 
greater curvature’, ‘extension on the 
lesser curvature’, gastric ulcer and 
gastric polyp (none with ncrmal 
gastric mucosa) 


You et al 3433 subjects Cases identified by 

(21100) participating in a gastric pathological examination 

China cancer-screening study, of biopsies and 

1959-94 residents in 14 villages endoscopic examination 

randomly selected 
within Linqu County, 
aged 35-64 years 


Diagnosis Of cohort members 
divided into superficial gastritis or 
chronic atrophic gastritis, intestinal 
metaplasia and dysplasia (none with 
normal gastric mucosa) 


TOBACCO SMOKE 
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Table 2 . 1 . 6.2 (contd) 


Reference 

Country 
and years 
Of study 


Kahn (1966) 
(contd) 


No. of subjects 


Doll & Pete 

(1976) 

United 

Kingdom 

1951-71 


British Doctors* Study 
34 439 men 


Hirayama 
(1982) 
Japan 
1965—78 


Six-prefecture Study 

122 26 ] men, 

142 857 women 

3 060 499 person-years 


Hirayarna 
(1985) 
Japan 
1965-8J 

Kano et af 
(1987) 
Japan 
l965-B3 


Six-prefecture Study 
122 261 men, 

142 847 women 
3 659 588 person-years 

Japanese Physicians’ 
Study 5130 men 


No. of cases 


Exposure estimates 


Relative risk (95% Cl) 


1 63 deaths 


Not given 


Not given 


I 16 deaths 


Former cigarette only-smoker 
Cigarettes/'day 
1-9 
< 0-20 
21-39 
> 40 


0.9 

0.96 

0.7 

0.8 

2.1 


Nonsmoker 

Former smoker 

Current smoker 

Cigarettes/dcry 

1-14 

15-24 

£ 25 

Men 

Women 

Age at starting smoking 
(years) 

£20 

<19 

Current smoker 

Clgarettes/cfay 

1-24 

£25 

Cigarettes/Jay 

1-19 

£20 


Mortality rate 
23 
21 
32 


28 

38 

32 


SMR 


1 -5 (p ■< 0.001) 
1-3 0.01) 

Men 

Women 

1.4 

1.2 

1.7 

1.6 

1.5 Co <0 001) 


1.48 


1.5 


17 (1.1—2.6} 

i.8 a. 1 - 3 . 0 ) 

- ' 


Annual mortality rate/100 000 
men Standardized for age 


P for trend > 0. i 

Inconsistency between table 
and text tor values in women 


p for trend =4x10 -i 


Never- and Former smokers 
combined used as referents. 
Low response rate. Relative 
risks adjusted tor age and 
alcohol drinking 


Table 2 . 1 . 6.2 (contd) 


Reference No. of subjects No. of cases 

Country 

and years 

of study_ . ____ 

Akiba & Six-prefecture Study 4426 deaths 

Hirayama 122 261 men, (2839 men. 

(1990) 142 857 women 1587 women) 

Japan 

1965-81 


McLaughlin US Veterans' Study 

et al. (1990) 293 916 men 

USA 4 531 OOO person—years 

1954-80 


1520 deaths 


Exposure estimates 


Men 

C igarettes/day 

1—4 

5-14 

15-24 

25-34 

>35 

Total 

Women 

Cigare ties/day 

1—4 

5-14 

£ 15 
Total 

Former smoker 
Current smoker 

C igavet tes/day 

1-9 

10-19 

20-39 

£ 40 


Age at starting 

(years) 

£20 
15-19 
< 15 


smoking 


Relative risk. (95% Cl) Comments 


Relative risks stratified by 
prefecture of residence. 


1.4 (l.O-l .8) 

1.4 (1.3-1.6) 

occupation, attained age and 

observation period. 

1.5 (1.4-1.7) 

1.4(1.1-1.7) 

1.7 (1,3-2.2) 

1.5 (1.3-1.6) 

p for trend < 0.001 
p for heterogeneity < 0.001 

1.2 (0.8—1.7) 

1.3(1.1-1-5) 

0.8 (0.5-1.3) 

1.2 (l.O—t.4) 

p for trend >0.1 
p for heterogeneity = 0.04 

1.0 (0.9-1.2) 

1.4 (L,2-1.6) 

Relative risks for age at start 
and duration adjusted for 
number of cigarettes smoked. 

13 (1.1-1.7) 

1.4 (1.2-1.6) 

1.5 (1.2-1.8) 

1.8 (1.3—2.6) 



p for trend < 0.0G1 


L.3 (1.0-1.6) 

1.5 0.1-1.9) 
1.9(1.4-2.7) 
p for trend < 0.01 


3006392273 
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Table 2.1.6-2 (contd) 

Reference No, of subjects 

Country 
and years 
of study 

McLaughlin 
etai. (1990) 

{con bd) 

Nomura ei al. American Men of 

( 1 990a,b) Japanese Ancestry Study 

USA 7990 men 

1965—84 140 190 person—years 


Kneller ei ai. Lutheran Brotherhood 

< l9 91) Insurance Study 

USA 1 7 633 men 

1966—86 287 000 person -years 


Exposure estimates 


Duration (years) 

<25 
a 25 


Relative risk (9S% Cl) 


LI (0.7-1.6) 
1.4(1.1—IS) 

p for (rend < 0.01 


Former smoker 

1.0 (0.6-1.7) 

Former smoker* 

0.9 (0.4—2.0) 

Current smoker 
Cigarettes/day 

2.7 (1.8-4 0 

1-10 

2.7 <1.5-5.1) 

I 1-20 

2.9 (1.9-4.6) 

>20 

Duration (years) 

2.4 (1,4—4, L> 

£25 

3.5(1.9-6.6) 

26-35 

1.5 (0.9-2.7) 

> 35 

3.5 (2.2-5.6) 

Ever-smoker 

2.1 (0.98—4-4) 

Occasional smoker 

0.7 (0.2-2.8) 

Former smoker 
Cigarettes/day 

2.2 (0.99—4.9) 

Total 

2.6 (1.1-5.8) 

1-19 

2.2 (0.S-6.0) 

20-29 

2.0 (0.7-5.6) 

£30 

5.8(2.1-16.2) 
p for trend < 0.0J 


Relative risks adjusted for age. 
^Subjects who had quit £ 5 
years before interview 


Response rate, 68% j 23% of 
cohort lost to folJow-up. 
Diagnosis not confirmed 
histologically. Data stratified 
by year of birth (5-year 
intervals). Stratification by 
education, immigrant status, 
occupation or residential 
region did not alter results. 


Table 2.1.6.2 (contd) 

Reference No. of subjects 

Country 
and years 
of study 

Kneller el al. 

(1991) 

(contd) 


Kato et al. 

(1992a) 

Japan 

1985-91 


Kato et al. 
(J 992b) 
Japan 
L985-89 


9753 men and women 
55 284 person-years 


3 194 patients (1851 men, 
2063 women) 

17 289 person-years 


Exposure estimates 


Relative risk (95% Cl) 



Pack—years 





<0.01 

1.0 




0.01-17.99 

] .3 (0.6—2.7) 




18.00-32.99 

1.4 <0.7-3.1) 




£ 33 

2.3 (1.2—4.3) 





p for trend < 0.01 




Current smoker 

^ 67 years 

> 67 years 



All 

4.8(1.1-21.4) 

1.6 (0.5-4.6) 



> 30 cigarettes/day 

9.4 (1.8-48.7) 

3.8 (0.8-18.9) 


57 deaths 

Former smoker 

2 6 (0.97-7.0) 


Information on smoking habits 

(35 men, 22 

Current smoker 

2.3 (1.2-4.6) 


taken from another survey 

women) 

Cigarettes/day 

1—19 

2.6 


unrelated to study, Small 
number of observations. 


> 20 

1.9 


Relative risks adjusted for age 



Men 

Women 

and sex. Multivariate analysis 


Former smoker 

2-6 (0.8-8.1) 

4.9 (0,6-36.8) 

adjusted for alcohol intake. 


Current smoker 

2 .6(1.1-6.1) 

1.7 (0.4—7.3) 

diet, cooking methods and 



Multivariate analysis 

family history of siomach 


Current smoker 

2.2 (1.1—4.4) 


cancer 


Former smoker 

2.6(0.97-7.1) 



45 cases 

Former smoker 

1.2 (0.5—2.9) 


Relative risk o4justed for age. 

(35 ntdh, 

£ 19 cigarettes/day 

1.1 (0.4—3.3) 


sex and residence 

10 women) 

2 20 cigarettes/day 

2.2 (0.9—5.4) 




3006392274 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.6.2 (contd) 


e> 


Reference 
Country 
and years 
Of study 

Nomura et al. 
(1935) 

USA 
1965-94 


Engeland et 
al. (1996) 
Norway 
1966—93 

Mu rata dal. 
(1 996) 

Japan 
I 984-93 
Yuan et al. 
(1996) China 
1986-93 
Nordlund 

et al. (1997) 

Sweden 

1963-89 


No. of Subjects No. of cases Exposure estimates 


American Men of 250 cases 

Japanese Ancestry Study 
7972 men 

177 080 person—years 


Former smoker 
Current smoker 
Age at starting smoking 
(years) 

2 21 
18-20 
S 17 


Norwegian Cohort Study 
11 863 men, 

14 269 women 

About 540 000 person- 

years 

Chiba Center Association 
Study 


Shanghai Men’s Study 

1 8 244 men 

98 267 person-years 

Swedish Census Study 

26 032 women 

Almost 600 000 person- 

years 


417 cases 
(258 men, 
159 women) 


23 

65 

32 

113 cases 


226 cases 


Former smoker 
Current smoker 


Cigarettes/day 

1-10 

11-20 

321 

Ever-smoker 
< 20 cigarettes/day 
2 : 20 cigarettes/day 
Former smoker 
Current smoker 
Cigarettes/day 
1-7 
8-15 
3 16 


Relative risk <95% Cl) Comments 


J.l (0.7-3.6) 
2.3 (1.7-3.2) 


1.9(1.3-2.9) 

2.5(1.7-3.7) 

2-6(17-3,9) 
p for trend < 0.0001 
Men Women 

1.3 (0.9-2.0) 0.8 (0.4-1.6) 

1.3(0 9-1.9) 1,0 (0.6-1.4) 


1.0 

1.1 

1.1 

1.4 ( 0 . 9 - 2 . 1 ) 

1.4 

1.3 

0.2 (0.0-1.3) 
1 .3 (0.8-1.9) 


1.2 (0-7-2.0) 
1.2 (0.6-2.3) 
l .9 (0.8—4.7) 


Adjusted for age und alcohol 
intake. No trend observed for 
pack-years [data not shown] 


Response rate, 76%. Relative 
risks adjusted for age. 


Relative risks adjusted for age. 


Relative risks adjusted for age 
and place of residence. 


Table 2.1.6.2 (contd) 

Reference No. of subjects 

Country 
and years 
of study 

Nordlund. 

etal. (1997) 

(contd) 


Chen et al. 
(1997) 
China 
1972-93 


Shanghai Factory Study 
6494 men, 

2857 women 

101 949 person-years 


Tulinius Reykjavik Study 

et al. (1997) 11 366 men, 

Iceland 11 580 women 

1968-95 


Liaw Sc Chen 
(1998) 

China, 

Province 

orTaiwan 

1982-94 


Taiwanese Study 
1 1 096 men, 33U 1 
women 

140 493 person-years 


No. of cases 

Exposure estimates 

Relative risk (95% Cl) 


Age at starting smoking 
(years) 

0.5 (0.1-1 -5) 


20-23 


< 19 

0.9 (0.4-2.3) 
p for trend = 0.559 

86 tieBths in 

Ever-smoker 

1.0 

men 

Cigarettes/day 



1-19 



£20 

0.9 

p for trend = 0.81 

246 cases 

Former smoker 

1.2 (0.8-1.8) 

(171 men. 

Cigarettes/day 

1.5 (0.8-2.5) 

75 women) 

1-14 


15-24 

1.9 [1.1-3.1) 


£25 

1.0 (0.4-2.4) 

69 deaths 

Ever-smoker 

1.9 (l.0-3.5) 

<57 men. 

Cigars ft es/day 

1.7 (0.9-3.4) 

12 women) 

<; to 

11-20 

1.6 (0.8-3.1) 


> 20 

Duration (years) 

10(1.1-8.3) 
p for trend = 0.06 


<■ 20 

1.7 (0.7—4.4) 


21-30 

0.7 (0.2—2.4) 


>30 

2.0(1.1-3.7) 
p for trend = 0.04 


Comments 


Relative risks for age at 
starting smoking adjusted for 
amount of tobacco smoked 
daily 


Analysis for men only because 
of few of the women smoked. 

Relative risks adjusted for 
factories, age, systolic blood 
pressure, serum cholesterol 
and regular alcohol drinking 
Analysis fur men only because 
of small no- of deaths in 
women. Relative risks 
adjusted for age 


Analysis for men only because 
of small no. of deaths in 
women. Relative risks 
adjusted for age and alcohol 


3006392: 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.6.2 (contd) 


KJ 


Reference No. of subjp^is 

County 
and years 
of study 


No. of cases 


Uaw & Chen 

(1998) 

(contd) 


Terry et al. 
(1998) 
Sweden 
1967-92 

Gao et al. 

(1999) 
China 
j 983-94 


Swedish Twin Registry l 1 6 cases 
Study 

1 1 546 individuals 


Shanghai Residential 

Study 


Exposure estimates Relative risk (95W Ct) 


Age at starling smoking 
(years) 

-> 24 
21-24 
< 20 

Pack—years 
<20 
20—40 
>41 


Current smoker 


1.5 (0.7-3.3) 

0.6 ( 0 . 2 — 2 . 2 } 
2.2(1.2-4.2) 
p fur trend = 0.02 

1.3 (0.6-2.8) 

1.5 (0.7-3.1) 
2 .8(1.4-5.8) 
p for trend < 0.01 
O.S (0.4—2.3) 


Men 

urban ] gt 

suburban 1,3 

rural jj 

Women (urban) 1.2 


Mizoue et al Fukuoka Study S3 cases 

(2000) 4050 men 

Ja P an 35 785 person-years 

1986-96 


Former smoker 
Current smoker 
Cigareites/day 
1-24 
S 25 


SMR 

2.2 ( 0 . 8 - 6 . 0 ) 
2.2 (0.8—5.7) 


2.2 ( 0 . 8 — 6 . 0 ) 
1 .9 (0.6-6.4) 


Comments 


p for trend < 0.05 for intensity 
of smoking and age at starting 
smoking for men 
f CI does not include 1.0 


Standardized mortality ratio 
(SMR) adjusted tor study area, 
age and alcohol consumption. 


i. 




Table 2.1.6.2 (’contd) 


Reference 
Country 
and years 
of study 

No. of subjects 

No. of cases 

Exposure estimates 

Relative risk <95% Cl) 

Comments 

Y-ou etal. 

2628 participants with: 

34 cases 

Cigare ues/day 



information about smoking 

(2000) 

1240 superficial or 

1 

1-19 

1.2 (0.7-1.9) 


habit available for only 2436 

C'hina 

chronic atrophic gastritis 


> 20 

1.4 (0.9-2.3) 



1989-94 

842 intestinal metaplasia 

18 


/> for trend ^0.12 


progression to dysplasia or 


546 gastric displasia 

15 

Duration (years) 



stomach cancer, adjusted fur 


805 normal 

0 

1-24 

1.1 (0.7-1.7) 


sex, age. alcohol consumption 




>25 

1.6 (1.0-2.7) 


and baseline hislopolhology. 





p for trend = 0.04 



Chao el al. 

Cancer Prevention 

1505 deaths 


Men 

Women 


(2002) 

Study 11 

(996 men. 

Current smoker 

2.2 (1.8-2.7) 

1.5 (1.2-1.9) 

age, race, education, family 

USA 

467 788 men. 

509 women) 

Cigarcites/day 



history of stomach cancer. 


588 053 women 


<20 

1.7 (1.2-2.3) 

1.3 (0.9-1.8) 

consumption of high-fihre 




20 

2.5 (1.9-3.3) 

1.3 (0.8-1.9) 

cereal products, vegetables. 




21-39 

2.7 (2.0-3.8) 

2.2 (1.3-3.5) 

citrus fruits and juices, and use 




£40 

1.8 (1.3-2.7) 

2.2 (1.2-3.9) 

of vitamin C, multivitamins 




p for trend 

0.539 

0.038 

and aspirin. Estimates of/5 for 




Duration (years) 



trend excluded non-users of 




< 20 

1.2 (0.4-3.4) 

1.4(0.7-3.0) 

tobacco. 




20-29 

1.0 (0.5-2.0) 

1.2 <0.7-2.2) 





30-3 9 

2.1 (1.5—2.9) 

1.8 (1.3-2.6) 





> 40 

2.4 (1.8-3.0) 

1.5 (1.02-2.1) 





p lor trend 

0.059 

0.074 





Age at starting smoking 







(years) 







£ 20 

1.9 (1.4-2.5) 

1.5 (1.1 -2.0) 





16-1 9 

2.4 (1.9-3.1) 

1.6 (1.2-2.3) 





< 15 

2.2 (1.6-3.0) 

1.6 (0.8-3.0) 





p for trend 

0.075 

0.672 



3006392277 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.6.3. Case-control sludiev on tobacco smoking and stomach cancer; main cliaractcrisHcs of study design 


Reference Number of cases and 

Country and controls 

years of study 


Wynder et at. (1963) 
Slovenia, Iceland, 
Japan and USA 
Years of study not 
specified 

Staszewski (1969) 

Poland 

1957-68 


Haertszel et al. 
{1972) 

USA 
1963-69 


Haenszel et a I 
(1976) 

Japan 

1962-65 


Hoey et al (1981) 
F ranee 
1978-80 


Menr 367 cases and 401 
controls; women; 154 
cases and 252 controls 


Men: 450 cases and 771 
Controls; women: 178 
cases and 383 controls 


Men: 135 cases and 270 
controls; women: 85 cases 
and 170 controls 


Men: 526 cases and 1052 
controls; women: 257 
cases and 5 14 controls 


Men: 40 cases and 168 
controls 


Criteria for eligibility and comments 


Hospital-based study 

Cases from Japan (51%), New York (30%), Slovenia (10%) and Iceland (9%) 

Controls with malignant and non-malignant diseases, individually matched by age and hospital; 
cancers of the respiratory and upper alimentary tract excluded 


Hospital-based study 

Coses confirmed by histoputhology (72%) or surgery and/or radiology (28%) as cancer of Ihe curdiil 
(l7/o), middle part (27%), pylorus (32%) or all stomach (23%) 

Controls hospitalized for diseases not connected with smoking; cancers of the colon and rectum 
excluded 


Hospital-based study among Japanese Hawaiian migrants (120) and their offspring (100) 

Cases: 06% confirmed histologically as cancer of the cardia (6%), fundus (8%), prenylorus ( 10%) 
antrum (33%), lesser or greater curvatures (25%) or other/unknown site (18%) 

Controls individually matched by age, sex, hospital and lime of visit; gastric ulcer, other stomach 
diseases and cancer of digestive system excluded 

Hospital-based study from eight hospitals in Hiroshima (247) and Miyagj (416) 

Cases: 98% confirmed microscopically as cancer of the cardia (9%), fundus (4%), antrum (40%) 

prepyloru3 (31%)> or lesser or greater curvatures (14%); aged £ 35 years 

Contrds With neoplasms, gastrointestinal, infectious and circulatory diseases and conditions 

affecting nervous system and sense organs; individually matched for age } sex. hospital and time of 

visit, gastric ulcer, other stomach diseases and cancer of digestive system excluded 

Hospital-based study in endoscopy department among French residents of Lyon 

Cases confirmed histologically; mean age, 65,4 years, 91% of eligible cases 

Controls with Other gastrointestinal diagnoses (hiatal hernia (29%), colorectal polyps (33%) 

gallstones (17%) and colorectal cancer (21%)); mean age, 59.9 years 


Table 2 . 1 . 6.3 (contd) 


Reference 
Country and 
years of study 

Ames & Gamble 
(1983) 

USA 

Years of study not 
specified 

Correa et al. (1985) 

USA 

1979-83 


Number of cases and 
controls 


Men: 46 cases and 92 
controls 


Men: 264 cases and 264 
controls; women: 127 
cases and 127 controls 


Risch et at. (1985) 

Canada 

1979-82 


Men; 163 cases and 163 
controls; women: 83 cases 
and 83 controls 


Jedrychowski el at. 
(1986) 

Poland 
1980-81 


Men: 70 cases and 140 
controls; women: 40 cases 
and 80 controls 


You et al. (1988) 

China 

1984-86 


Men: 443 cases and 888 
controls; women: 121 
cases and 243 controls 


Criteria for eligibility and comments 


Prospective mortality study on while coal miners 

Controls: deaths from other cancers (1:1) and from non-caneer/non-accidents (1:1), individually 
matched by age at death and year of birth (+ 3 years) 


Hospital-based study in 26 counties of South Louisiana 

Cases: 98% confirmed histologically as cancer of the antnim/corpus (87%), cardia (6.5%) or 
other/unknown site (6.5%) 

Controls mainly with cardiovascular (20%), gastrointestinal (12%), infectious (I 1 %) or respiratory 
(10%) diseases; individually matched on age (± 5 years), sex, race and hospital 
Population-based study 

Cases confirmed histologically; aged 35—79 years 

Controls randomly selected from electoral lists, individually matched by age (± 4 years), sex, 
province of residence ahd neighbourhood; participation rate, 58% 

Hospital- and population-based study using interviews 
Cases confirmed histologically 

Controls individually matched by age (± 5 years) and sex: hospital-based (1:1), with orthopaedic 
problems, heart or endocrinological disorders; obvious gastrointestinal diseases and recent dietary 

abnormality excluded; population-based (1:1), randomly selected from healthy participants of a 
medical survey on chronic chest diseases 

Population-based study among residents of Linqu for > 10 years 

Cases confirmed by histology (50%), endoscopy or surgery (32%) or radiological and clinical 
examination (17%); aged 35—64 years; 82% of eligible cases 

Controls randomly selected using rosters, frequency-matched by age and sex; participation rate. 
100 % 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2A.63 (contd) 


Reference 
Country and 
years of study 

Hu etal. (J988) 

China 

1985-86 


Number of cases and 
controls 


Men: 1 70 cases and 170 
controls; women: 71 cases 
and 71 controls 


Buiatti er al. (1989, 
1991) 

Italy 

1985-87 


Ferraroni el al. 
(1989) 

Italy 

1983-88 


1989 study; men 1 . 640 
cases; women: 376 cases; 
1991 study: men: 597 
cases; women: 326: 1 ] 59 
controls (705 men and 
454 women) 

Men: 243 cases and 1334 
controls; women: 154 
cases and 610 controls 


De Stefani et al. 
(1990) . 
Uruguay 
1985-88 


Men: 138 cases and 414 
controls: women: 72 cases 
and 216 controls 


Kato et al. (1990) Men: 289 cases and 2013 

Japan controls; women: 138 

!^ 85 - 89 cases and 241 5 controls 


Lee et al, (1990) Men: 1 23 cases and 478 

China, Province of . controls; women: 87 cases 
Taiwan and 332 controls 

1954-88 


Criteria for eligibility and comments 


Hr>«pittfJ-based s ,ud y (Vcn, , wo hospitals in Hartm and Heilongjiang province using interviews 
Cases confirmed histologically; aged 25—80 years 

Controls with non-neoplastic diseases (chest diseases, general surgery, urological and orthopaedic 
diseases, trauma), individually matched by se*. age and area of residence 

Population-based study among residents of four areas with varying incidence of stomach cancer 
using interviews 

Cases confirmed histologically as intestinal (55%), diffuse (23%) or mixedAmclassified (22%)- 
mean age, 65 years; 83% of eligible cases '* 

Controls randomly selected from general population, frequency-matched on 5-year age-groups .and 
sex; participation rate, 81 % ' ' e B p 


Hospital-based study from four major hospitals in Milan 
Cases confirmed histologically; aged £ 75 years 

Control with traumatic (38%), non-traumatic orthopaedic (13%) and acute surgical conditions 
(34/o) and ear, pose, throat, skin and dental disorders (13%); malignant tumours, digestive tract 
isorders or any coffee-, alcohol- or tobacco-related conditions excluded; media*) age, 56 years 
Hospital-based study from the University Hospital in Montevideo using Interviews 
Cases confirmed histologically as cancer of the cardi'.t (13%), corpus ( 9 %), antrum < 1 5 %) and 
unclassified (63%); aged 30-89 years; 100% of eligible cases participated. 

Controls individually matched (j :3) by age (± 5 years) and sex; tobacco- or alcohol-related diseases 
or gastric conditions excluded 


Hospital-based study at gastroscopy department in Aichi prefecture; self-administered questionnaire 

Cases confirmed histologically, mainly of diffuse (48%) or intestinal (50%) type 

Controls with normal gastric mucosa (3014) or atrophic gastritis (J4 14); other cancers resected 

stomach and gastroduodenal diseases excluded 

89% participation rate for cases and controls 


Hospital-based study in four major hospitals in Taipei using interviews 
Cases confirmed histologically; 90% of eligible cases participated. 

Controls from ophthalmic service, group matched by sex and age; participation rate, 96% 




Table 2A.63 (contd) 


Reference 

Country and 
years of study 

Number of eases and 
controls 

Wu-Williams et al. 

(1990) 

USA 

1975-82 

Men: 137 cases and 137 
controls 

Boeing et al. (1 991) 
Germany 

1985-87 

Men and women: 143 
cases (almost equal 
number of men and 
women) and 579 controls 
(slightly more women) 

Dockerty et al. 

(1991) 

New Zealand 

1980-84 

Men: 797 cases and 8398 
controls 

Saha (1991) 

UK 

8 years 

Men: 81 cases and 162 

controls; women; 36 cases 
and 72 controls 

Yu & Jfsich (1991) 
China 

1976-80 

Men: 52 cases and 2676 
controls; women: 32 cases 
and 1843 controls 


Criteria for eligibility and comments 


Population-based study among white men from Los Angeles County using interviews 

Cases confirmed histologically as cancer of the cardia (58), fundus/body (10), antrum/pylorus (22) 

or other site (47); aged < 55 years; 52 % of eligible cases participated. 

Controls individually matched by age (± 5 years), sex and race (Hispanic white and Other white) 
Hospital-based study from five hospitals in Bavaria and Hesse using interviews 
Cases confirmed histologically as cancer of the cardia (17%), corpus (32%), antrum/pylorus (40%) 
or multiple sites (11%); aged 32-80 years; 85% of eligible cases 

Controls-. 25 J visitors and 328 patients with other cancers (12%), metabolic (13%). cardiovascular 
(30%) and respiratory (5%) diseases, and diseases of digestive organs other than stomach (23%); 
matched by sex and age (± 3 years); patients with history of atrophic gastritis or intestinal 
metaplasia excluded; participation rate, 90% 

Cases and controls from New Zealand Cancer Registry 

Cases aged ^ 20 years; 78% of all cases registered at the Registry. 

Controls with other types of cancer; smoking-related cancers excluded 


Hospital'based study at four hospitals using interviews 

Cases confirmed histologically as cancer of die cardia (46), body (24) or antrum (47); aged 35—89 

years 1-1 

Controls with benign surgical conditions, individually matched by age (± 5 years), sex and social 
class; respiratory, upper gastrointestinal and vascular diseases excluded 

Population-based study among primary and mid die-school staff in Shanghai using interviews for 
cases and self-administered questionnaire for controls 

Cases confirmed histologically as cancer of the lesser curvature (73%), pylorus (17%), antrum (6%) 
or other site (4%); 89% of eligible cases participated. 

Controls from 55 randomly selected schools stratified by districts; participation rate. 91 Vo 


-J 


3006392280 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2. 1.6.3 (comd) 


Reference 
Country and 
years of study 

Ji et al. 0996) 

China 

1988—89 


Number of cases and 
controls 


Men: 770 cases and 819 
controls; women: 354 
cases and 632 controls 


Zhang et al. (1996) 
USA 
1992-94 


Men: 122 cases and 62 
controls; women: 40 cases 
and 70 controls 


Gammon et al. 
(J 997) 

USA 

1993-95 


Men: 477 cases and 555 
controls; women: 152 
cases and 140 controls 


De Stefam et al Men: 311 cases and 622 

(1998) controls 

Uruguay 
1992-96 


Liu et al (1998) Men: 20 195 cases and 52 

Ch,n9 775 controls; women: 

1986—88 9009 cases and 34 560 

controls 


Table 2.1.6.3 (contd) 

Reference Number of cases and 

Country and controls 

years of study 


Chow el al. (1999) 

Poland 

1994-97 


Gao et al. (1999) 

China 

1995 

Inoue et a!. (1 999) 

Japan 

1988-95 


Y eel al. (1999) 
Sweden 
1989-95 


Lagergren et al. 
( 2000 ) 

Sweden 

1995-97 

Mathew et al. (2000) 

India 

1988-91 


Men: 302 cases and 3 14 
controls; women: 162 
cases and 166 controls 


Men: 110 cases and 154 

controls; women: 43 cases 

and 80 controls 

Men: 651 cases and 
12 041 controls; women: 
344 cases and 3 l 805 
controls 

Men: 348 cases and 779 
controls; women: 166 

cases and 385 controls 


Men: 223 cases and 681 
controls; women: 39 cases 
and 139 controls 

Men: 1 51 cases and 228 
controls; women: 43 cases 

and 77 controls 


Criteria for eligibility and comments 


Population-based study among permanent residents in Shanghai using interviews 
„ fff ,d " 1 "“ ed 'hrough Shanghai cancer registry; confirmed histologically (52%) or bv surecrv 
endoscopy X-rays or ultrasound (48%) os cancer of the cardia ( 16 %) distal stomach <70^or 
nnspectlied Site (14%); aged 20-69 years; 66% ofeligtble cases participated. ^ 

fX SM-T'“ ed - fr “J ue " c ^ nlat ' hed to age 15-year categories) and sex; participation 

oS ctSS V ' r,d “f CO Py department in New York using self-administcred questionnaire 
Cases confirmed histologically as cancer ofoesopbagus/eardia ( 95 ) or distal stomach ( 67 ) 

09%T Were “"" r ' freS ’ W,,h or other types of gastritis (71 %) or disease-free 

Population-based study using interviews 

?,“£ eS „? 0 ? fi T? ed h 'S“»loSica!ly as cancer of the cardia (261) or other sites (368); aged 30-79 years 

81/« of eligible cases participated. v b years, 

Controls aged 30-65 years idenlified by random-digit dialling and those aged 65-79 years by 
random samphng of rosters; frequency-matched by age (5-year group) a „d «*; participation rate. 


Hospital-based study from four major hospitals in Montevideo using interviews 

SSS.™ "^™25° P 8 4 a yL“ S Catd,a H4) - <240 >> todus (25) or of 

S V m ° 3%) ' T?; 17 ** ost,!oarti 9“>ar diseases <; 1%) and skin 
(9 /i) and ear(7,„) disorders; frequency-matched forage (10-year group), hospital time of visit and 
residence tobacco- and alcohol-related diseases and digestive tract conditiotls^xcluded; aged 75 - 8^4 
years, participation rate for cases and controls, 93% S * 


Retrospective mortality study 
Cases aged 35—69 years 

Controls: death from neoplastic, respiratory and cardiovascular diseases excluded 



Criteria for eligibility and comments 



Population-based study among Warsaw residents using interviews 

Cases from 22 hospitals in Warsaw, confirmed histologically mainly as intestinal (67%) or diffuse 
(14%); aged 21—79 years; 90% of eligible cases participated. 

Controls randomly selected from registry, frequency-matched by age <5-year categories) and sex; 
participation rate, 82% 

Population-based study among Yangzhorg residents using interviews 

Cases from Regional Cancer Registry, confirmed histologically; aged 30-79 years 

Controls from household registration office, individually matched for sex, age (± 2 years) and town 

or area of residence; participation rate for cases and controls, 100% 

Hospital-based study at Aichi Cancer Centre Hospital 

Cases from cancer registry and surgical records, confirmed histologically mainly as differentiated 
(46%) or noil-differentiated (53%) 

Controls with benign tumours or non-neoplastic polyps (13%), benign and non-spccilic diseases 
(43%), or no abnormal findings (44%); cancers or past history of cancer excluded; aged > 18 years 

Population-based study using interviews 

Cases confirmed histologically as cancer of the cardia (90), and distal cancer of intestinal (260) or 
diffuse (164) type; aged 40-79 years; 62% of eligible cases participated. 

Controls randomly selected from registers, frequency-matched by age and sex; participation rate, 
76% 

Population-based study among people bom in Sweden using interviews 

Cases of cardia; aged £ 80 years, mean 66 years; 83% of eligible cases participated. 

Controls randomly selected from whole population of Sweden, frequency-matched for age and sex; 
mean age, 68 years; participation rate, 73% 

Hospital-based study at the Regional Cancer Centre in Trivandrum using interviews 
Cases confirmed by histology and/or endoscopy or barium meal evidence, aged 20 years 
Controls selected from visitors, individually matched for age (± 5 years), sex. religion and 
residential area; controls with gastric complaints excluded 


es 
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Table 2.1.6.3 (contd) 


Reference Number of cases and Criteria for eligibility and comments 

Country and controls 

years of study 


Zaridze et al. (2000) 

Russia 

1996-97 


Wu etal. (2001) 

USA 

1992-97 


Men: 248 cases and 292 
controls; women: 200 
cases and 3 18 controls 


Men; 492 cases and 999 

controls; women: 228 
cases and 357 controls 


Hospital-based study in two cancer hospitals (cases) and two general hospitals (controls) among 
Moscow residents using self-administered questionnaire 

Cases confirmed histologically as cancer of the cardia (92) Or non-cardia (356); aged < 75 years; 
98% of eligible cases participated. 

Controls with a variety of Conditions including respiratory (J 0%) and heart (10%) diseases, diseases 
of the nervous system (10%) and hypertension and stroke (9%); cancer and/or gastrointestinal 
diseases excluded; participation rate, 97% 

Papulation-based study among whites. Latino-, African and Asian Americans from Los Angeles 
county using interviews 

Cases confirmed histologically as cancer of the cardia (277) or distal stomach (443); aged 30-74 
years; S6% of eligible cases participated. 

Controls individually matched by neighbourhood, sex, age <± 5 years) and ethnicity; diagnosis of 
stomach or oesophageal cancer excluded 


'Fable 2.1.6.4. Case—control studies on tobacco smoking and stomach cancer 


Rcfcience Subjects Exposure estimates Relative risk (9555, cI) Comments, variables adjusted lor. significance. 

Country and ' limitations of the study 

years of study 


Wynder et al. 

(1963> 
Slovenia, 
Iceland, Japan, 
USA 

Staszcwski 
(1 $69) 

Poland 

I957-6S 


Men and 

women 


Men and 
women 


Ever-sntokcr 

% of smokers 
% of heavy smokers 1 
Index of smoking 1 


1.6 

Cases Controls 

90.0 34.8 p 5 0.01 

71.9 63.0 y»<0.01 

472 428 p < 0.05 


Haenszel et of. Men and 

(l972> women 

USA, Hawaii 
1963-69 

Haenszel et al. Men and 

(t976) women 

Japan 
1962-65 


Any tobacco use 

Hawaiian Japanese 

Migrant 

Offspring 

> 20 va <r 20 cigarettes/day 

Any tobacco use 

Hiroshima 

Miyagi 
Hawaii * 


Women 
1.7 

1.7 

1.8 

1.3 

1.4 

All p 0.05 


Men and women Men 
1 . 5 * 1.4 

1.9* 1.9* 

1.1 0.9 

0.9 


No definition of smokingbobit. No participation rate 
for cases or controls. No relative risk calculated. No 
consistent difference between cases and Controls in 
terms of type or quantity of tobacco smoked 

No definilion ot smoking habit. No participation role 
for cases Or controls. The majority of cases among 
men were cancer of the cardia and pylorus, and 
among women cancer or the cardia. 
f Index of smoking > 300 

*Index of smoking = daily amount of tobacco >: years 
<?f smoking 
* p < 0.05 

No definition of tobacco use- No response rale for 
cases or controls. Odds ratios adjusted for sex and 
age, and far birthplace for Hawaiian Japanese 

Odds ratio reported for men only, probably because 
of low prevalence of smoking among women in 
Japanese populations. Some questionnaire used as in 
previous study. No response rate for cases or 
controls. Odds ratios adjusted for prefecture, 
occupation (farm, non-farm), age and sex. Relative 
risks probably underestimated because of high 
proportion of controls with smokirig-reinted diseases. 
^Data irom previous study 
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Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 0 

Relative risk (no. 

of cases/deaths or 
95% Cl) 

Comments 


Men and women 

Never-smoker 

1.0 



< 59-> 70 years 

1-10 

1.6 (0.9—2.9) 




11-20 

2.8(1.8-4.4) 




21-30 

4.4 (2.4—8.0) 




2 31 

4.4 (2.2—8.8) 


Claude et at, 

Men 

Non smoker 

1.0 


(1986) 


J—10 

1.7(1.1-2.7) 

p < 0.05 

Germany 


11-20 

2.4(1.6-3.7) 

p< 0.01 

1977-82 


>20 

3.2(1.9-5.0) 

p < 0.001 


Women 

Nonsmoker 

1.0 




1-10 

2.4(1.1-5.5) 

p < 0.05 



> 10 

4,9(1.3-18.8) 

p < 0.05 

Clavel el al. 

Men 

0 

1,0 

Adjusted for hospital, age and residence 

(1989) 


1-19 

3.3 (2.1-5.1) 

France 


20-39 

4.4 (2.8-6.9) 


1984-87 


>40 

6.9 (3.7-12.9) 


D’Avanzo et al. 

Men 

< 10 

2.5 (1.1-6.0) 

Adjusted for age 

(1990) 


10-19 

2.3 (1.2—4.4) 

Italy 


>20 

4.0 (2.3-6.8) 


1985-89 





Table 2.1.2.3 (contd) 


Reference 
Country and 
years of study 

Subjects 

Smoking categories 0 

Relative risk (no. 
of cases/deaths or 
95% Cl) 

Comments 

Harris et al. 

White men 

Non smoker 

1.0 

Adjusted for age. education and years since 

(1990) 


1-10 

1.5(1.1-2.2) 

quitting 

USA 


11-20 

3.0 (2.5-3.7) 


1969 onwards 


21-30 

3.7 (3.0—4.5) 




>30 

3.6 (3.0—4.4) 



Black men 

Nonsmoker 

1.0 




1-10 

1.6 (0.7-3.6) 




11—20 

1.9 (0.9-3.9) 




21-30 

2.7(1.1-6.6) 




>30 

2.0 (0.7-5.9) 



White women 

Non smoker 

1.0 




1-10 

1.7(1.2-2.5) 




11-20 

3.3 (2.4—4A) 




21-30 

4.7 (3.1-6.9) 




>30 

2.3 (1.3-4.0) 



Black women 

Non smoker 

J.O 




Ever-smoker 

3.9(1.5-6.81 


Bums & 

White men 

Nonsmoker 

1.0 

Adjusted for age 

Swanson (1991) 

1-19 

1.7(1.3-2.1) 


USA 


20 

2.4(1.9-2.9) 




> 20 

2.6 (2.1-3.1) 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


IARC MONOGRAPHS VOLUME 83 TOBACCO SMOKE 


IARC MONOGRAPHS VOLUME 83 I TOBACCO SMOKE 


S8236C900S 


'[umnip 

JOU Ri«p] SJ^JJOUJS jo saijoSajpo ]|t» 10J <liun ujojj 
lusjoju.jp KpuieoijiiiSis sjsm joojn ouish? J© Ajoisiq 
IsBd pur soj p03 puc in9 qsy psi|9S jo uOjjdmnsuoa 
‘iSBJJjBOjq jo sdXj joj p.ustifpB A][BUOll'ppe Soiici 
sppo *sis/i[cOB ojciJCAiijniu b uj -sjJj-iisvS Ofqdcuie 
qii/v. sjuni|p.J *5 dnoiS *s|04|uo3 Xqucsq 'l dnojrjj 

-souapisai puc sHe joj ppisnfpe schjbj sppo sjbsA 
SS < P^S« sjojiuoo ucip sssco sjoui .<uep>i 


Apnjs sqjjo suoiieiiujji 
*®.AU0Dyju3|S ‘joj paisnfpe ssjqRiJCA *«iuaujnJOQ 


(9 t-c o) l'l 

(mi) re 

oz < 

trz-ro) co 

(c>-i.'0> 8 i 

61-1 

Ac Tp/xatiaunSo 

(fr€ C O) O'I 

<.ss-p i) l z 

JSqOlilS 43UUOJ 

l dnoi8 qiii^ paiBduL 03 

(98 = ") 

(£,!!=") 

sd.Al asnjMQ 

<6 ^6n> gz 

(ss-f?) s c 

OZ ^ 

(8 [-Z0) 9 0 

(PV-S |>£Z 

61-1 

(6'2-t-‘0) ri 

<£ x-fr'l) VZ 

jsijoiirs JSiujdj 

Z dnoifl qifAS pajpduio^ 

(4 t-9'0) S'l 

(CV81) 8Z 

oz ? 

C8 r l-Z'O) 9 0 

(tc-ri) 61 

61-1 

/<op/ssn:rjnSl^ 

<[ C-S O) E 1 

(a z-n) 8 i 

JSJtoUlS J3UL10J 

I dnoiS qij/A paJBduJOO 

IISIUO/I^ 

UD[AJ 

$9(1Al |fV 


(£ Z-6'0) V t 

JtOBja 


01 

puoia 
Ojjoqoifo adr<Z 


(rz-4'o) z'i 

J3S n 


01 

jssn-uopi 

psddti-.tafi\j 


8 ZOO 

p(i»J| joj d 


(£T-9 0) Z'I 

*-l 


(1 l-Z O) s o 

6 -S 


<o- i-e o) 90 

01 ^ 

Sutntnb s^nsji 


<IO %«i) W 


531EUHISS SJOBodxg 


6 S-SSOI 

UtHfef 

USLUOA\ (066 L) 

puo uapM ia is oiBjj 


(066 L> 

•fo to iuejPJS ©a 


Apms jo <ub©A 

puB rtiiuno^ 

sjaafqns 


(PiU03) P'9’VZ a m«JL 


uoiiduimuoo 0|q«jaS»A pun a^mui aui-v, 'asixapjsaj 
JO BWE ‘oSg joj psisnrpp soqKj Sppo 'S|OJ}U03 
joj oibj uuiieciiojjjccU on ‘pajouis uauio.v. 

MSj oja/rt OJSqi 3?nR35q Aiuo uoui jqj sisAipuv 


•uojjduinsuaa oojjos pup foqnpfe ‘sniejs jeiufui 
' llonEanpa ‘ssit|.-i jiti-aos ‘xs* 'aSn joj paisnfpe 5«sA'[ euf 
stBu\i.\)i[npv ' w pup aS» joj pajsnipB sjsAiHUO 
SIBURAlUfJ -*I<JJ|llOa 40 spscz* JOJ OIBJ Uu j jOdjOlUBd ofq 


Apnjs sip JO srioflBifLurj 
•^ouBoyiuSjs VOJ paisnfpe saiqeuEA ‘sjufuimo^ 



(t-'6t-8‘0) O f 

Ci'TO 

p LI All JOJ d 

1 ' - -S I ' ‘T 


(P 6 1 -6 0) I f 

i:• ■)' 11' 7 


(9 Z l-t- 0) C’Z 

(V > O'.'’! Z 


(ozi-ro)oz 

(Z P-L i' 1:: I 

6 Z -1 

(1 "41-8 0) 8'C 

S60 

(sjoarf) uoitrunfj 
puaJ) joj d 

(K l —- >191 


(O S 1-9 0) O f 

(It-L U) L \ 


(8 PI-9 0) 6 Z 

(fC-S'O) E l 



10 0 

Anp/sSitsuoSi^} 

RUSH Juj cf 


D l 



(n-5 0) 8 (1 



<C‘ l-t'O) L'O 

Of ^ 

2000 

frOO 0 

(sut>s.<) Sut^ou/a Sui/jnis to aSy 
pusil JOJ if 

(i fz-zDrs 

(ss-ruzz 

joijoius luauii') 

(9‘8—f'0) B' I 

(8'f—6 T 0) 6‘ 1 

jajjouxs JSlujoj 

<9P = w) 

>a puu «ipj*c> 

Wltqns || v 

61' 1 

sro 

poajuoj .X 


11 

SC < 

01 

01 

0Z-SJ 


60 

£I> 

60 

6 0 

linp/ssp jj oJiij 
JP^OLDS J3LLUOJ 


9|B|JBA|U|J 


(lO VeS&) *Arjc|sy 


ssiPiu | j sa Ajnsodxg sja» fqng 



88 —S86I 
ABnStuq 
(066l> 
!*> >» IUBJ91S 3Q 


88-f86 I 

X|B|J 
( 6861 ) 
ft! iS j UOiRJJ3£ 


Apnjs jo sjbsA 
pue Ajjoiidq 
S 3U3J*J3y 


(pjuo») K9‘I'Z aiqejl 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.6.4 (contd) 


Reference 
Country and 
years of study 

Subjects 

Exposure estimates 

Relative risk (95% Cl) 

Kato et at. 


Intestinal type 

(« «= 166) 

(« = 49) 

(1990) (contd) 


Compared with group 1 





Former smoker 

1.6 (0.9—2.8) 

1.2 (0,3—5.3) 



C igarettes/day 





1-19 

2.3 (1.2-4.3) 

0.8 (0.2-3.6) 



5 20 

3-0 (1.7—5.1) 

2.7 (0.8 9.9) 



Compared with group2 





Former smoker 

2.0 (1.2-3.4) 

0.9 (U.2-4.3) 



Ctgarettes/day 





1-19 

3.1 (1.6-6.0) 

0.7 (0.2-3.2) 



£20 

3 *<2.2-6.6) 

6.4 (1.5-27 A) 

Leeeial. (1990) 

Men and 

Current smoker 

1.6 -c 0.p5) 


China. Province 

women 

Duration (years) 



pf Taiwan 


1—30 

1.4 


1954-88 


31-40 

1.4- 




5 41 

1.9 ip C0.U5) 




Cigarcttes/day 





1-10 

1 .4 




11 “20 

1.5 




5 21 

1-8 (p< 0.05) 


Wu-Williams 

Men 


All pairs 

Excl. proxies 

el at (1990) 


Former smoker 

t,3 (0.6-2.S) 

1.8 

USA 


Current smoker fpacks/day) 



1975-82 


1 

2.2 (1.1-4.7) 

5.4 1 



2 

2.1 (1.0-4.5) 

4.0’ 



£3 

5.2 (1.4—8.6) 

17.7* 



Any tobacco 





Former smoker 

1.1 (0.3—2.2) 

1.9 



Cun-cnt smoker (g^day) 





1-20 

2.3 0.1-4.8) 

6.2* 



> 20-40 

2.0(1.0-4.3) 

3.3 r 



>40 

5.0 (1.4—17.5) 

17.1* 


Comments, variables adjusted for. significance, 
limitations of the study 


No definition of smoking habit Multivariate analysis 
adjusted for alcohol drinking, green tea habit and 
Salted meal, fried food, fermented beans and milk, as 
Well as other variables not listed. Relative risks 
probably underestimated by use of controls with eye 
diseases possibly causally associated with smoking 


Very small study. Very low response rale for cases; 
no participation rate for controls. High proportion of 
interviews with proxies <42% ofcaaej, 12% of 
controls). Numbers in analyses by subsites too small 
for meaningful conclusion. Matched analysis made 
without adjustment. 

f Va(ues for which the 95% Cl does not include 1.0 


Table 2. 1.6.4 (contd) 


Reference Subjects Exposure estimates 

Country and 
years of study 


Wu-William? 

ei at. (1990) Former smoker 

(contd) Current smoker (packs/day) 

L 
2 

£ 3 

Any tobacco 
FOftttir smoker 
Current smoker (g/day) 
1-20 

> 20-40 
>40 

Former smoker 

Current smoker <packsMay) 

l 

Z 

£3 

Any tobacco 
Former smoker 

Current smoker (g/day] 
1-20 
>20-40 

> 40 

Boeing at Men and Former smoker 

(1991) women Current smoker 

Ciemiany 
(9S5-S7 


Relative risk (95% Cl) 


Cardia 

1.0 

2.3 

2.2 

7.0’ 

0.9 

2.3 

2,6 

7.0* 

An tru m/pylGrus 

0.8 

4.0 

4.1 

7.2 

0.4 

4.8 

2.9 
12 .1* 

0.6 (0.3-1.2) 

0.5 (0.3—0.9) 


Fundus/body 

3.4 

2.0 

4.4 
9.3 

1.5 


43. 

9.3 

All others 

1.4 

1.7 

1.8 
1.8 

1.2 

1.8 

i.a 

1.9 


Comments, variables adjusted for. significance, 
limitations of (ho study 


Higher proportion of nonsmokers in cases from two 
study centres; higher proportion of smokers ir* 
hospital controls than in visitor controls; 47Vo of 
hospital controls had Uib accord a ted diseases. Odds 
ratios ecUusted for age, sex and hospital. Significant 
positive trend observed for pack—years [data not 
shown) 
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Table 2.1.6 .4 (contd) 


Reference 
Country and 
years of study 

Subjects 

Exposure estimates 

Relative risk (95%Cl) 

Comments, variables adjusted for. significance, 
limitations of Ihe study 

Dockerty et at. 
(1991) 

New Zealand 

1980-84 

Men 

Ever-smoker 

1.4 (1.2—1 bf 

1.4 ([ .2-1 7>‘ 


Information on smoking habit abstracted from 

Center Registry records. No definition of smoking 
habit. No information on histological confirmation of 
diagnoses 

Saha(1991) 

UK. 

8 years 

Men and 

women 

Former smoker 

Current smoker 

Non—swallower 

Swallower 

Cigarettes/d ay 

10-19 

20- 30 

Age at starting smoking (years-) 
16-20 

21- 30 

10-15 

Swallowers 

Compared with non-swallower 
Compared with nonsmokcr 

1.4 (1.7-3.6) 
2.6(1.2-5.5) 

1.3 (J.5-2.4) 

6.4 (3.3—12.5) 
Body* 

0.6 (0.9—3.9) 

1.9 (0.5-7.5) 

0.5 (0.1-3.3) 

2.0 (0.6—6.9) 

\.3 (0,3—5.2) 

7.2 (1.3—41.0) 

2.4 (U.6-9.0) 

Antrum 1 

2.1 (06-7.5) 

2.9 (0.9-9.3) 

1.3 (0.3—4.7) 

1.2 (0.4-3.9) 

2.5 (0.3-7.8) 

Small no. of cases fur the period of Study. No 
participation rate fbr cases or controls, statistical 
analysis limited. Odds ratios not adjusted. Small 
study 

’Cancer of cardia used os reference (odds ratio, 1.0) 

Yu & 1 Inf eh 
(1991) 

China 

1976-80 

Men and 
women 

Cigareties/cfay 

1-20 

>20 

Crude 

3.7 

20.7 

Adjusted 

2.1 (09-4.6) 

6.2 (2.2-17.0) 

p for trend * 0.003 

57% of interviews lor cases with proxies. Odds 
ratios adjusted for age. sex, family income, family 
. history of cancer or tuberculosis, blood type and 
consumption of alcohol, strong tea. fruit and milk 

Agudo eta/. 
(1992) 

Spain 

Men and 
women 

Former smoker 

Current smoker 

Ever-smoker 

0 .9 (0.5-1.7) 
09(0.6-1.5) 

0.9 (0.6—1.7) 


Analysis for men only because few women smoked. 
No participation rale for cases or controls. Odds 
ratios adjusted for total caloric intoke (including 


1987-89 alcohol) and consumption of fruil. vegetables, cold 

cuts end preserved fish. 



Table 2.1 ,6A (contd) 


Reference 

Country and 
years of study 

Subjects 

Exposure estimates 

Relative risk (95% Cl) 

Comments, variables adjusted for, significance, 
limitations of the study 

Iloshiyama &. 

Men 


Single 

Multiple 

No definition of smoking status. Very tow response 

Sasaba (I992a.b) 


Former smoker 

1.1 (0.6-1 S) 

0.9 (0.3-3.0) 

rate for controls. No comparison of demographic 

Japan 


Current smoker 

1.5 (0.9-2 6) 

1.4 (0,5-4.3) 

variables such as education or socioeconomic status 



Pack—years 



between vases and controls. Odds ratiiw adjusted for 




1.4 (0.8-2 3) 

1.1 (0.3-33) 

sex. age and administrative division. 



>40 

1.3 (0.8-2.4) 

1.3 (0.4—4.2) 


I'alli et a/. 

Men end 


Gastric card la 

Other subsJtes 

Study population from Buarti et ah ( 1 989, 1 991 1 . 

( 1992) 

women 

Current smoker 

1.1 <0.6—2.3) 

0.9 (0.7-1.1) 

Odds ratios adjusted for age. sex, area and place of 



Former smoker 

1.1 (0.5—2.2) 

1.1 <0.8-1.4) 

residence,migration from the south, socioeconomic 






status, family hi story of stomach cancer and Queiclct 






index. Similar results with pack-years variable Jdata 






not shown) 

Jcdrychowski 

Men 

Filter status 



Current and former smokers combined because of 



With filter/unknown 

10(0.7-1.5) 


insufficient distinction in questionnaire. Odds ratios 

Poland 


With and without filter 

1.1 (0.8-1.6) 


adjusted for hospital, age. sex, occupation. 



Without filter 

1.4 <0.9-2.1) 


education, sausage consumption, fruit and vegetable 



p for trend 

0.14 


consumption and vodka drinking. No re [a live risks 



Pack-years 



fnr ever-Smokers. No increased relative risk for 




1.2 (0.8-1.7) 


cigarcttes/day, »gc at starting smoking or smoking 






before breakfast (data not shown]. Odds ratios seem 



p lot trend 

0.58 


overadjusted 


3006392 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 2-1.6.4 {canid) 


Reference Subjects 

Country and 
years of study 


Exposure estimates 


Relative risk (95% C|) 


Comments, variables adjusted for. significance, 

limitations of the study 


Inoue ei al 

(1994 > (contd) 


Siemiaiycki Men 

efal. ( 1 995) 

Canada 

I979-85 


Yu et at. (1995) Men and 

China women 

1991-93 


Ever-smoker 

Middle (n = 133) 
1.8 (1.0—3.1 > 

Current smoker 

1.9(1.1-3.4) 

Former smoker 

» .6 (0.9—2.9) 

Cigaretres/day 
< 20 

1.4 (0,6-3 0) 

2 20 

2.2 (t.2-3.9) 

Years since guiding 
> IQ 

1.7 (0.9-3.4) 

1-9 

l .4 (07-3.0) 

< ) 

3.6 (0.8-5.8) 

Women 

All 

Ever-smoker 

1.2 (0.7-2.0) 

Ever-smoker 

Middle (n — 85) 

1.0 (0.5-2. 1 ) 

Ever-smoker 

1.7(1.1-2.6) 

Pack—years 

5 25 

1.6 (0.9—2.8) 

26-^9 

1.6 (1.0-2 7) 

50-74 

1.7 (J.0-2-9) 

2 75 

1.9 (1.0-3 3) 

Cigare/tes/doy 

1-9 

1.2 (0.8—L .9) 

10-19 

1.1 (Og-I.S) 

>20 

1.9(1.4-2.5) 


Antrum (,j = J70) 
2.9 (1.7-5.1) 

3.0 (1.7-5 A) 

2.7 (1.5-5.0) 


3.0 (1.5-6.1) 

3.0 (1.6-5.5) 

2.7 (1.4—5.4) 

3.0 (1.5-6.1) 

2.1 <0.7-6.1) 
Cftrdla {» =■ 44) 
1-3 (0.5-3.1) 
Antrum (» = 86) 
1.3 (07-2.fi) 


Because of the small number of Mmenwho 
smoked, no detailed analyses were performed 


Odds ratios adjusted for ngt. ethnic group, 
socioeconomic status, consumption of (i-carotene, 
coffee and alcohol. Odds ratios shown nro wilh 
population controls only, difference in adds ratios 
between population and hospital controls was 
negligible 

No definition of smoking habit. Odds ratios adjusted 
for age and sex 



Table 2. 1.6.4 (conld) 


Reference 

Subjects 

Exposure estimates 

Relative risk (95% Cl) 


Comments, variables adjusted for, significance. 

Counfry and 
years of study 




limitations of the study 


Gajalakshmi 

Men and 

Any tobacco 

Model I 

Model 2 

Any tobacco included bidi. cigarette and/or chutta. 

Shanta (1996) 

women 

Former smoker 

1.8 (1.1-3.1) 

1.5 <0 7-3.5) 

Conditional logistic regression models; Model 1, 

India 


Current smoker 

2 7(1.8-4.1) 

2.5 (l ,4—4.4) 

adjusted for income, education and area of residence; 

l988—90 


Ever-smoker 

2.5 (1.7-3.6) 

2.2 (l.3-3.8) 

Model 2. additionally adjusted for betel-quid 



Current cigarette smoker 

20(1.1-3.6) 


chewing habit artd significant dietary liiciors- 



Age at starting smoking (years) 



Abscnce of trend with age at starting smoking 



> 30 

l.S (0.4—S.6) 


probably caused by reference age of 20 years or less 



21-30 

2.1 (0.9-5.1) 


being too hi git 



S 20 

2.4 (0.9—5.9) 





p for (rend 

<0.1 





Lifetime exposure (no- of 

cigarettes) 

< 50 000 (mild) 

1.6 (0.7-3.6) 





50 <100-! 00 OOO (moderate) 

2.0 (0.7-5.4) 





> J00 OOO (heavy) 

3.1 (0.9-10.5) 





p (<y- trend 

<0.01 



Ji etai. (1996) 

Men. and 


Men 

Women 

Odds ratios adjusted for age, education and income 

China 

worn en 

Former smoker 

1.3 (0.9-1.8) 

2.0 {0.7-5,6) 

(and alcohol drinking for men only) 

1988-89 


Current smoker 

Cigarcttes/day 

1.4 (1,1—1,7) 

0,9 (O.S-1,4) 

* 2 : 20 cigareltcs/dny 



J—9 

1.0 (0.7-1.4) 

1.1 (0.6-2.(J) 




10-19 

t.l <0.8-1,4) 

0.5 (0.2—1.2) 




20-29 

1.8 (1.4-2.3) 

2.1 (0.7-6.3)’ 




> 30 

1 -4 (0,9-2.1) 





p for trend 

Duration (years) 

D.0002 

0.80 




0.5-19 

1.0 (0.7-1.5) 

1.0 (0.4—2.6) 




20-29 

1.4 (1.02-2 0) 

1.0 (0.4-2.1) 




30-39 

1.3 (0.9-1.7) 

1.1 (.0.5—2.4) 




> 40 

1.6 (1.2 2.2) 

0.9 (0.4-2.2) 




p for !r<snd 

0.002 

0.91 




3006392289 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1,6.4 (contd) 


Reference 
Country and 
years of sludy 


Subjects Exposure estimates 


Relative risk (95% Cl) 


Comments, variables adjusted for. significance, 
limitations of the study 


7i Wat (1996) 
(contd) 


Pack-years 


< to 

1.0 (0.7-1.4) 

<10 0.9 (0.4-1.6) 

10-19 

l.l (0.8—1.5) 

10-19 1.0(0.5-21) 

20-39 

1.3 (1.2 2.1) 

£20 1.3 (0.5—3.1} 

>40 

1.7 (1.2-2.3) 

p for trend 

0.0002 

0.62 

Age at starting smoking (years) 
*30 

1.0 (0.7-1.4) 

— 25 0.7(0.4-13) 

25-29 

1.4 (0.9-1.9) 

< 25 1 .g (0 9-3.6) 

20-24 

1.6 (1.2-2.2) 

<20 

1.3 (0.95-1.7) 


p for trend 

0.005 

0.37 

Years .since quitting 
>20 

0.7 (0.3-1.6) 

>10 3.7(0-9-14.7) 

10-19 

1.5 (0 8-2.7) 

< 10 0.7 (0.1-4.1) 

5-9 

o.y (0.5-1.9) 

c 5 

2.7 (1.4-5.4) 


p for trend 

0.10 

0.48 

Men 

Cardin (h = 145) 

Distal (« = 530) 

Former smoker 

1.8 (0.97-3.4) 

1-1 (0.7-17) 

Current smoker 

1.2 (0.8-1.9) 

1.4(1.1-1.9) 

Cigarettesfduy 

1-9 

L.O (0.5-2.1) 

t.O (0.7—1.6) 

10-19 

1.1 (0.7-1 .9) 

1 0 (0.S-I5) 

20-29 

1.4 (0.9-2.3) 

l.9(1.4-2.6) 

>30 

J .9 (0.96-3.7) 

1.3 (0.8-2.1) 

p for trend 

0.06 

0.0004 



Table 2.1.6.4 {contd) 


Reference 

Subjects 

Exposure estimates 

Relative risk (95% Cl) 

Country and 
years of study 







Duration (years) 

0.5—19 

1.4 (0.7-2.7) 

1.0 (0.6-1.4) 



20-29 

1.2 (0.6-2.3) 

1.5 (1.02-2.2) 



30-39 

],] (0.6-1.9) 

1.4 0.2-2.5) 



>40 

1.4 (0.9—2-4) 

1.8 (l.2-2.5) 



p fbr trtnd 

Pack-years 

0.28 

0.001 



< to 

1.4 (0.8—2.6} 

1.0 (0.7-1.5) 



10-19 

0 ~ 0.4-1.6) 

1.1 (0.7-1 6> 



20-24 

t.0.8—2.2) 

1.7 (1.2—2-3) 



*25 

1.6 (0.9-2.7) 

1.7(1.2-2.4) 



p fbr trend 

0)4 

0.0002 



Age at Starting smoking (years) 

*30 

Mi 0.5-1 «: 

1 0(07-1.5) 



25-29 

1.1-3.'.} 

1.2 (0.8—1.9) 



20-24 

1 5 i: *-ir.M 

1.3(1.3-2.4) 



< 20 

) .1 li.'-1 .’> 

1.4 (0-99-1.9) 



p fbr trend 

0.52 

0.002 



Years since quitting 
>20 

1.5 (0.5—5.2) 

0.5 (0.2-l.S) 



10—19 

1.3 (0.5—4.0) 

1.4 (0 7-2.8) 



5-9 

1.3 (0.4-4.3) 

0.7 (0.3-1.8) 



c 5 

S.5 (1.9-15.9) 

2.5 (!.l-5.4> 



p fbr trend 

0.01 

0.10 

Zhang el a(. 

Men and 


Distal siomach 


(1996) 

women 

Ever-smoker 

1 £ (0.9-3-8) 


USA 


Cigarattes/c/ay 



1992-94 


1-20 

1.6 (0-7—3.5) 




21-40 

3.3 (1.2-9.2) 




> 40 

4.0 (0,9-25.2) 




p fbr trend 

0.0220 



Comments, variables adjusted for. significance, 
limitations of the study 


> 

r> 

o 

o 


o 

s 


Odds ratios adjusted forage, sex, race, education, 
alcohol intake. body-mass index and total calorie 
intake 


^1 

'O 


3006392290 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1-6.4 (contd) 


Os 

•o 


Re fercr\c e Subysc ts Exposure esiim pt^3- Re lativc risk <9 5% CI > 

Country and 
years of study 


.Zhang eJ al. 
{!996><contd) 


Gammon et at. 
(1997) 

USA 

1993-95 


Continuous variable 

cigarcttcs/day 

Years of smoking 

1-20 

21—40 

> 40 

p for irenrf 
Pack—years 

I - 29 
30-59 

’ > 60 
p for trend 

Continuous variable; pack- 
years 

Age at starting smoking (years) 

> 20 
17-20 
< U> 

p for trend 

Men and 

women Current smoker 

Former smoker 
Years since quitting 
>30 
21-30 

II— 20 
■C 10 

P for trend 


1.2 (0.5-3.2 > 
1.7(0.7-4.0) 
2.6 (0.9-7.8) 
0.0485 

1.1 (0.5-25) 

2 7 (l. 1-6.9) 
4.G (1.3—16,6) 
0.0074 


1.4 (0.5-3.9) 

2.6(1.03-6.7) 

1.8 (0.7-4.5) 

0.1332 

Cardin 

2.6 (1.7-4,0) 

1.9(1.3-29) 


1.1 ( 0 . 6 — 2 . 0 ) 
2.2 (1.3-3.7) 
1.6 (0.9-2.8) 
2.9 (1.8-4.8) 
< 0.05 


Other 

1.8 (1.2-2.7) 
1.5(1 I 2.1) 

l .0 (0.6-1.8) 

1.5 ri'o 2.4) 

1 ~ I • ?, 

1 I i • : '-’ i 



Comments, variables adjusted for. sign! tic ante, 
limitations of the study 


Odds ratios adjusted for age. sex, geographical area, 
race, body-mass index, income and alcohol intake 



Table 2.1.6.4 (contd) 


Reference 
Country and 
years of study 

Subjects 

Exposure estimates 

Relative risk (95% Clj 

Comments, variables adjusted for, significance, 
limitations of ilie study 

Gammon ei ai. 


Ciaareues/day 




(1997) (contd) 


< 16 

1.4 (0.9-2 2) 

1.5 (1.0—2.2) 




16-20 

2.2 (1.4-3.4) 

1 .7 (1.2-2.6) 




21-30 

3.1 (1.9-5 2) 

1.4 (0 9-2,5) 




> 30 

2.0 (1.2-3.3) 

1.5 (1.0-2.4) 




p for trend 

<0.05 





Duroiion (years) 






< 20 

1.6 (1.0-2.6) 

1 0 (0.7-1.6) 




20-31 

1.8 {1.1-2,9) 

1 6(1.0-2.4) 




32-42 

2.7 (1.7—4,2J 

18(1.2-2.7) 




>42 

2.0 (1.8-4 71 

2.1 (1.4-3.1) 




p for trend 

< 0.05 

<0.05 




Pack years 






< 14 

0.9 (0.5-1.6) 

12(0.8-1.*) 




14-31 

2.3 (1.4-3.6) 

t 5 (l.0-2.4) 




32-54 

2.8 (1.8-4,4) 

1 7 (I.2-2.6) 




> 54 

2.S (1.5-4.1) 

2.1 <1.3-3.2) 




p for trend 

< 0.05 

<0.05 




Filter status 






With filter 

2.1 (1.4-3.1) 

I d (1.1-2-2) 




With and without fitter 

1.5(0.8-27) 

1.1 (0.6-1.9) 




Without filter 

2.1 (1.3-3 .2) 

1.5 (I.O-2.3) 



os 

3006392291 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.6.4 (contd) 


Reference 
Country and 
year$ of study 

Liu etal. (I£>98) 
(contd) 


Chow et al. 
tI999) 

Poland 

1994-97 


Subjects Exposure estimates 


Men and 
women 


Relative risk (95% Cl) 


duration (years) 

<20 
20-24 
2 25 

Ever-smoker 
Former smoker 
Current smoker 
C igureit es/iiay 
S 10 
1 1-20 
£2 21 

Duration (ycar$) 

< 20 

20-29 

30-39 
40—49 
2 50 

Age at starting smoking (years) 
2 25 
20-24 
IS to 
< 18 

Years since quitting 
2-30 
20-29 
10-19 
< 10 


1.5 (0.05) 

1-3 (0.04) 
1.3(0.04) 

Men 

1.2 ( 0 . 8 - 1 . 8 ) 
0.9 (0.6-1 4) 
1-7 (1.1-2 7> 

0.7 (0.4-1.2) 
1.5 (1.0-2.3) 
1.5 (0.9—2.6) 

0-■ 1-1.1) 

1 '-1.8V 

l i I "• 

;•. i 

r ". i ' —3.9) 

0.6 (0.3-J .3) 
U (0.7-1.9) 
1.7 II.0-2.8) 
1.3 <0.8-2.1) 

0.7 (0.4—t .5) 
0.8 (0.4-1.6) 
0.9 (0.S-I .7) 

I -0(0.5- I S) 


[-4 (0.06) 

1 A (0.04) 

I. 3 (0.05) 
Women 

1-8 (1.1-3.0) 

J. 8(09-3.7) 
1.8 (1.0-3.3) 

1.3 (0.7—2.5) 
2 5 (0.9-3 7) 
1.8 (1.0-3.3) 

2.3 (1.0-5.4) 
1.8 (0.8--3.8) 

1.6 (0.7-3.7) 
1.8 <0,7-4.4 


1.7 (0.8-3.4) 

1.1 (0.5—2.4) 
3.5 (1.5-8.0) 

2.1 (0.7-6 J) 


3.0(1.0-9.2)* 
1.5 (0.5—4.3) 
1.3 (0.4—4.0) 


Comments, variables adjusted lor, significance, 
limitations of the study 


Odds ratios adjusted for age, education, years lived 
on a farm, family history ol cancer; p values for trend 
not calculated 


*2 20 years 


Table 2-1.6.4 < contd) 


Relercncc 

Country and 
years of study 

Subjects 

Exposure estimates 

Relative risk (95% Cl) 


Comments, variables adjusted for, significance, 
limitations of the study 

Chow e/ al. 


Park—ycf/rt 




< 1999) (contd) 


< 10 

0.8 (0.4-1 ,«> 

1 v .-!~4 7> 




|0-< 20 

0.9 (0.S-1A' ■ 

1 -3.-I 




20-< 30 

1.0 (0.6-1.8) 

1.4 ill -3.3) 




3£>-< 40 

.1.0 (0.6-1.?: 

2.3'. 1 " -5.2} s 

‘a 30 pack-years 



40—c 50 

2.1 (1.2-3.fi) 





>50 

1-9 (l, 1-3.3) 





Filter status 






With filter 

1.2 (0.8—1.9) 

1 ■ 1 0-3.0) 




Without filter 

0.8 <0.5-1.3) 

1.9 (0.5—6.6) 




With and without filter 

1.9(1,1-32) 

12.2 (1.4—107.2) 


Gao et al. < 1909) 

Men and 

Ever-smoker 

0.9 (0.5-1.7) 


Odds ratios adjusted for age and sex 

China 

women 





i995 






I noue el al. 

Men and 


Men 

Women 

Odds ratios adjusted for age, year and season fll first 

<1999) 

women 

Former smoker 

1.7(1.3-2.3) 

1.4 <0.8-2.31 

hospital visit, family history of gastric cancer. 



Current smoker 

2.5 < 1.9-3.3) 

1.7(13-2.4) 

alcohol drinking, preference for salty loud and fruit 

1988-95 


< 60 years old 

(w =314) 

(at — 182) 

intake 



Former smoker 

2.2 (1.4-3.4) 

2.1 (I -V—4.1) 




Current smoker 

3.3 (2.2—4.9) 

1.7 (1.1-2.5) 




> 60 years uld 

( rt -337) 

<„ = 162) 




Former smoker 

1.4 <0.9-2.0) 

0.8 (0.3—2.0) 




CuiTent smoker 

1-9(1.3-2.7.) 

2.0(1.2-3.2) 
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I l\1 Colorectal cancer 

■ (a) Overview 

In the last three decades, a total of 60 epidemnlogical studies have investigated the 
relationship between tobacco smoke and colorectal cancer, but few were specifically 
^signed to study the effects of tobacco smoking. Although most of the earlier studies did 
net show any consistent association between tobacco use and risk, several prospective 
cohort and case-control studies published since the late 1980s have found a significantly 
. increased risk for colorectal cancer among smokers. Also, since the late 1980s. smoking 
has emerged as a risk factor for colorectal adenomas, a well-established precursor for colo- 
rcctal cancer. On the basis of these new findings on smoking and colorectal cancer and 
adenomas, Giovannucci el a!. (1994a,b) hypothesized that smoking may act as an initiator 
of colorectal cancer and that an induction period of 35-40 years may be needed to increase 
incidence. Giovannucci explained that if a long induction is needed for tobacco to play a 
jnle in colorectal carcinogenesis, this may explain the lack of association between smoking 
and colorectal cancer found in earlier cohort studies that had a short follow-up time and in 
caseHtontrol studies that did not obtain complete lifetime smoking histories. 

The epidemiological evidence on tobacco smoke and colorectal cancer from pros¬ 
pective cohort and case-control studies is summarized below. Relevant information on 
each of the cohort studies (source of the cohort, years of follow-up, number of cases) is 
j summarized in Tables 2.1 and 2.1.7.1 and the data obtained are reported in Table 2.1.7.2. 

r Relevant information on case-control study design and results is summarized in Tables 

2.1,7.3 and 2.1.7.4, respectively. Site-specific relative risks were presented in the majority 
i of studies. Results for colorectal cancers combined were reported in 12 prospective cohort 

! studies (Hammond, 1966; Garland et a/., 1985; Wu et at., 1987; Giovannucci el at., 

! 1994a,b; Chen et ai, 1997; Kato etal., 1997; Liaw & Chen, 1998;Nordlund era/., 1997; 

, Tulinius ef a/., 1997; Chao e/ zj/., 2000; Stiirrner a/., 2000) and six case-control studies 

'< f (Dales et ai, 1979; Olsen & Kronborg, 1993; Boutron etal., 1995; Yamada el ah, 1997; 

Nusko el at., 2000; Lam et at., 2901). 

(/>) Factors affecting risk 

Virtually all the cohort and case-control studies reported risks for colorectal cancer in 
former and current smokers relative to never-smokers (Tables 2.1.7.2 and 2.1.7.4). Sixteen 
of the prospective cohort studies were conducted in the USA, 10 in Europe and three in 
Japan. In must studies, a small elevated risk for colon, rectal or colorectal cancer was 
found for smokers, but results were statistically significant in only a few studies. In these 
latter studies, former and/or current smokers experienced a significantly increased nsk of 
1.2-1.4 for colon cancer (Heineman et at., 1994; Chyou el at., 1996), recta! cancer (Akiba 
& Hirayama, 1990; Doll eta!., 1994; Heineman etal., 1994; Chyou et at., 1996; Engeland 
et at., 1996) or colorectal cancer (Wu el a!., 1987; Chao et a!., 2000; Stllrmer et at., 2000), 
relative to never-smokers (Table 2.1.7.4). Of all cohort studies, four showed a lower risk 
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for colorectal cancer among smokers (Hammond & Horn, 1958a,b; Williams et at., 1981; 
Garland el al. , 1985; Kono el al., 1987); the result was statistically significant in one 
(Williams eta!., 1981). 

A total of 31 case-control studies have examined the association bettveen active 
smoking and cancer of the colon and rectum (Tables 2.1.7.3 and 2 .1.7.4). [The Working 
Group excluded from their review studies that did not present point risk estimates in asso- 
ciation with smoking.] 

Nine European case-control studies on tobacco use and colorectal cancer were iden¬ 
tified. They were conducted in Yugoslavia (Jarebinski el al., 1988; 1989), Denmark (Olsen 
& Kronborg, 1993), Sweden (Baron et al., 1994), France (Tuyns el al, 1982; Boutron 
eial., 1995), Italy (Ferraroni el ui, 1989; D’Avanzo etal., 1995; Tavani etal., 1998) and 
Germany (Nusko et al., 2000). Ten case-control studies were conducted in Asia, eight in 
Japan (Tajima & Tominaga, 1985; Kato et al., 1990a,b; Hoshiyama et al., 1993; Inoue 
etal., 1995; Kotakcela/., 1995; Murata el al., 1996; Yamada et a/., 1997) and one each in 
the Republic of Korea (Choi & Kahyo, 1991) and Hong Kong SAR (Lam el al., 2001). 
Eight casc-control studies on tobacco use and colorectal cancer have been earned out in 
the USA; two of these were hospital-based (Williams & Horm, 1977; Dales et al., 1979). 

The population-based studies were conducted among whites in los Angeles County (Peters 
et al., 1989), Utah (Slattery et a!.. 1990), Wisconsin (Newcomb et al., 1995), northern 
California, Utah and Minnesota (Slattery et al., 1997) and Iowa (Chiu el al., 2001) and 
among the multiethnic population in Hawaii (Le Marchand et al., 1997). 

Of the case-control studies, statistically significant increased risks among former or 
current smokers or ever-smokers were reported in two studies each on colon cancer 
(Slattery a ah, 1990, l997;Chiucf al., 2001), rectal cancer(Inoue etal., 1995; Chiu et «/., 
2001) and colorectal cancer {Newcomb et al., 1995; Nusko et al., 2000|. However, one 
investigator reported a statistically significant reduction in risk for cancer of the colon 
(Hoshiyama et al., 1993) and rectum among smokers (Vobecky et al., 1983). Because 
smokers may stop or reduce smoking because of disease-related symptoms, case-control 
studies that presented data on smoking status only without data on duration/intensity (i.e. 
ever-smoked only or former/current smoking only) (Dales et al., 1979, Tuyns et al., 1983; 
Vobecky et a!., 1983; Kato etal., 1990a,b; Inoue etal., 1995; Ghadirian et al., 1998; Nusko 
etal., 2000 ) are of limited value. 

(j) Intensity of smoking 

The evidence for an association between cigarette smoking and colorectal cancer 
would be strengthened if dose-response relationships could be demonstrated. In only one 
cohort study, were parameters including number of cigarettes smoked, pack-years nf 
smoking, duration of smoking and age at which smoking started investigated separately 
in current and former smokers (Chao et a!., 2000). In most of the other cohort studies, one 
or two parameters of intensity of exposure were assessed. Number of cigarettes smoked 
per day was most frequently assessed (Hammond, 1966; Doll etal, 1980; Williams et al., ■ 

1981; Carstensen et al., 1987; Klatsky etal., 1988; Akiba & Hirayama, 1990; Doll etal, 
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10 ; Heineman era/., 1994; Chvou eta!., l996;Nyn5nctcr/., 1996;Tuliniusera/., 1997; 
^ekicr a/., 1998; Chao et al., 2000; Terry et al., 2001). Statistically significant dose- 
^ponse trends with amount smoked daily were reported for colon cancer (Heineman 
lid., 1994; Chyou etal., 1996), rectal cancer (Doll et al., 1994; Heineman et al, 1994; 
0 ,yoii et al, 1996) and colorectal cancer (Chao ct al., 2000; Stiirmer el al, 2000). 

Number of cigarettes smoked daily was evaluated in over half of the case-control 
^dies (Williams & Horm, 1977; Jarebinski etal., 1989; Peters etal, 1989; Slattery et al., 
10 ; Choi & Kahyo, 1991; Kune etal, 1992; Hoshiyama e/ a/., 1993; Baron et al., 1994; 
0 ’Avanzo etal., 1995; Kotake et al, 1995; Newcomb et al, 1995; Murata et al, 1996; 
Slattery e/«/., 1997;Yamada etal, 1997; Tavani etal, 1998; Chin et a!., 2001; Lamer al, 
2001). Statistically significant positive trends of increasing risk with increasing number of 
cigarettes smoked daily were reported for colon cancer (Newcomb el at., 1995; Slattery 
etal, 1997), rectal cancer (Newcomb et a!., 1995) and colorectal cancer (Yamada et al, 
19 ) 7 ). In two studies, this pattern of increasing risks was apparent only in men (Slattery 
etd., 1990) or older men (aged > 70 years) (Lam et al., 2001) but not among women in 
the same study. 

(it) Duration of smoking 

Studies on colorectal cancer have been varied in their assessment of duration of 
smoking. Only a few studies actually evaluated years of smoking whereas others consi¬ 
dered age at starting smoking, years since initiation of smoking or pack-years, combin ing 
duration and intensity of smoking. Five of the cohort studies have looked at years of 
smoking (Hsing et al., 1998; Chao et a!., 2000), age at starting smoking (Heineman et al, 
1994; Chao et al, 2000), years since initiation of smoking (Ginvannucci el al, 1994a, b) 
and pack-years of smoking (Giovannucci et al, 1994a ; Heineman et al, 1994; Chao 
et al, 2000; Stiirmer et al., 2000). Some evidence exists to suggest that risk for colorectal 
cancer increased with earlier age at initiation (Heineman et al, 1994; Chao et al. , 2000) 
and with increasing number of years of smoking (Chao et al, 2000), In one study, risk 
increased with years since smoking initiation but this was observed among heavier 
smokers (i.e. subjects who smnked at least 10 cigarettes per day at starting smoking) only 
(Giovannucci et al., 1994a). Three studies showed a statistically significant trend of 
increasing risk with increasing pack-years of smoking (Heineman et al, 1994; Chao 
era/., 2000; Sturmer et al, 2000) but, in a fourth study, this association was limited to 
those who started smoking before the age of 31) years (Giovannucci el al, 1994b). 

Some case-control studies have examined risk patterns in relation to years of 
smoking (Jarebinski el al, 1989; Choi & Kahyo, 1991; Olsen & Kronborg, 1993; Baron 
el al., 1994; D’Avanzo et a!., 1995; Newcomb el al., 1995; Slattery et al, 1997; Tavani 
eta/., 1998; Chiu etal., 2001), age at starting smoking (Tajima & Tominaga, 1985; Choi 
4 Kahyo, 1991; D'Avanzo el al., 1995; Newcomb et al, 1995; Slattery et al., 1997; 
Tavani etal, 1998} and pack-years of smoking (Tajima & Tominaga, 1985; Kune el al, 
!992; Hoshiyama etal., 1993; Baron etal, 1994; Boutron etal, 1995; D’Avanzo et al, 
1995; Siemialycki et al, 1995;Ie Marchand et a!., 1997; Slattery et al, 1997; Yamada 
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etaL, 199?; Chiu el at., 2001). The risk for colon and rectal cancer increased signifies,, 
with increasing number of years of smoking in one study; this relationship was obseryJr 
even after adjustment for other smoking variables including number of cigarettes stnokeri 
per day (Newcomb et al.. 1995). In two studies, risk for colon cancer (Newcomb el g i 
1995; Slattery etal., 199?) and rectal cancer (Newcomb era?., 1995) increased signip’ 
candy with earlier age at initiation. In one study that included both sexes, this associati 
was found in men only (Slattery et al ., 1997) whereas In the study of women on]° 
(Newcomb et al., 1995), any effect of age at initiation was eliminated after adjusting J 
years of smoking for both colon and rectal cancer, tn three studies, the risk for coin 
cancer (Slattery et al., 1997) and rectal cancer (Le Marchand et al., 1997; Yamada etj 
1997) increased significantly with increasing pack-years of smoking. 


(iii) Smoking cessation 

Modest differences in risk exist between former and current smokers (Tables 2.1 72 
and 2.1,7.4). I he benefit of smoking cessation by years since stopping was evaluated in 
two cohort studies (Wu et al. , 1987; Chao et ai, 2000) The risks in both men and women 
remained substantially elevated (relative risk, I.6-1.7) even after 20 years of smoking 
cessation in one study (Wu et al., 1987) but (he risk was substantially reduced (to near 
unity) in another (Chao el a!., 2000). 

Results from case-control studies are also somewhat inconsistent. Risk patterns by 
years of cessation (D’Avanzo et al., 1995; Newcomb et al., 1995; Slattery et ai, 1997 ; 
Tavani ef al., 1998) or age at stopping (Choi & Kahyo, 1991) have been investigated.' 
Cessation was not associated with risk in two studies (Choi & Kahyo, 1991; Tavani et al., 
1998), but was significantly associated with reduced risk in one (D’Avanzo el al., 1995), 
In one study, women who stopped smoking Ibr 20 or more years still Showed an elevation 
in risk of 10-30% compared with never-smokers (Newcomb et al., 1995). In another 
study, relative to never-smokers, former smokers who had stopped smoking within the 
first 15 years of starting smoking actually showed a higher risk than current smokers 
(Slattery et al., 1997). 


(tv) Length of follow-up 

Giovannuci et al. (1994a.b) proposed that smoking may act as an initiator of colorectal 
cancer and that a long induction period (i.e. 35-40 years) is needed before an effect on risk 
can be observed. However, the avai labic results are not entirely compatible with their hypo¬ 
thesis, Of the cohort studies in which smoking was a significant risk factor for colon cancer 
(Heineman el ai, 1994; Chyou et al., 1996), rectal cancer (Doll et al., 1994; Heineman 
eta!., 1995; Chyou et al., 1996) or colorectal cancer (Wu et ai, 1987 (men only); 
G iovannuci et al., ! 994a; Chao et al, 2000; Stunner et ai, 2000), the length of follow-up 
was 6 years or less in two studies (Wu a ai, 1987; Giovannuci etaL 1994a), between 13 
and 14 years in two studies (Chao et ai, 2000; Stunner et al., 2000) and greater than 20 
years in three studies (Doll el at, 1 994; Heineman el ai, 1994; Chyou et ai, 1996). In the 
British Doctors study, an elevated but non-significant risk for rectal cancer in smokers had 


been observed after the first 20 years of follow-up (p = 0,09). The magnitude of 

f or rectal cancer in smokers was essentially the same after 20 years as after 40 years 
0 ffollow-up (Doll & Pcto, 1976; Doll el al., 1994) although the result became statistically 
^jfioant with longer follow-up (Doll et ai, 1994). 

(c) Population characteristics 

(i) Sex 

There is some suggestion that the association between smoking and colorectal cancer 
nray be stronger in men than in women although the evidence for this is far from 
consistent. Nine cohort studies showed sex-specific results (Hammond. 1966; Wu et al., 
1987; Sandler et al., 1988; Akiba & Hirayama, 1990, Tverdnl et ai, 1993; Doll et ai, 
; 994 ; Engcland etaL, 1996; Tulinius etui., 1997; Chao et ai, 2000). In one study, a signi¬ 
ficantly increased risk associated with smoking was observed only in women and not in 
pen (Tulinius et ai, 1997). In three other studies, an increased risk was more apparent in 
men than in women (Wu etaL, 1987; Akiba & Hirayama, 1990; Tverda! et ai, 1993). In 
another study, the association between smoking and colorectal cancer was equally strong 
in both sexes (Chao et ai, 2000). Ten case-control studies also presented scx-specific 
results (Williams etaL 1977; Slattery etaL, 1990; Kune eta?., 1992; Boutrone/a?., 1995; 
D’Avanzo et ai, 1995; lnoucefa/., 1995; Le Marchand etaL, 1997; Slattery etaL, 1997; 
Chiu et ai, 2001; Lame? a?., 2001). Of the studies in which smoking was implicated as 
a risk factor, three showed no clear gender differences (Le Marchand et al., 1997; Slattery 
et d, 1997; Chiu et ai, 2001) hut in two studies, smoking was a risk factor only in men 
(Slattery et al., 1990) or older men (Lam et ai, 2001). 

(ii) Ethnicity 

Almost ail the cohort and case-control studies were conducted in Australia, Canada, 
Eurupe, the United Kingdom and the USA and included only Caucasian study subjects. 
One case—control study in the USA was conducted in African Americans (Dales et a!., 
1979) and another included Caucasians and various Asian groups (Le Marchand et ai, 
1997). Approximately one-fourth of the cohort studies (Kono et a!., 1987; Akiba & 
Hirayama, 1990; Akiba, 1004) and of the case—control studies (Tajinia & Tominaga, 1985; 
Kato et al., 1990a,b; Choi et al. 1991; Hosbiyania et ai, 1993; Inoue et a!., 1995; Kotake 
elai, 1995; Murata eld, 1990; Yamada et ai, 1997; Lam et ai, 2001) were conducted in 
Asia, mostly in native Japanese. There are no apparent differences in the association 
between smoking and colorectal cancer in members of different racial or ethnic groups. 

(d) Subsiles of colorectal cancer 

Smoking and risk for cancer of the colon and for rectal cancer were investigated sepa¬ 
rately in the majority of cohort and case-control studies. Risk patterns are generally 
consistent between rectal and colon cancer in mosl of the cohort studies (Hammond & 
Horn, 1958a,b, Carslersen et ai, 1987; Tverdal et a/., 1993; Akiba, 1994; Heineman et al., 
1994; Chyou et ai, 1996; Nyren el ai, 1996; Chao et a!., 2000; Terry et ai, 2001) and 
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case-control studies(Tuyns«a/., 1982; Vobecky eta/., 1983;Tajima& Tominaga, ite. 
Peters et al, 1989, Kato et al., 1990a; Choi & Kahyo, 1991; Kune et al., 1992; Bar 0 ’ 
elai, 1994; D'Avanzo el al ., 1995; Le Marchand el al ., 1997; Tavani ei al. ', 1 %* 
However, in four cohort studies {Kiatsky el al., 1988; Akiba & Hirayama, 1990; j^Jj 
et al., 1994; Rngelamf el al., 1996) and eight case-control studies (Williams etal., 1977 , 
Kato et al., 1990b; Hoshiyama el al., 1993; Inoue el al., 1995; Kolake et al., 1995 ! 
Newcomb ei al,, 1995, Siemialycki et al., 1995; Murata etal, 1996), any effect of 
smoking was more apparent for rectal cancer than for colon cancer. A stronger smoking 
association for colon cancer was found in two cohort studies fHsing ei a!., 1998; Knekt 
et al., 1998) but in none of the case-control studies. 

In three large population-based case-control studies and one cohort study (Heineman 
ei al., 1994) in which smoking was also implicated as a cause of colon cancer, the effect 
of smoking by colon subsile was investigated. In two studies, there were no clear diffe- 
rences in the effects of smoking by colon subsite (Heineman el al, 1994; Slattery eld 
1997). In one case-control study, any effect of smoking was limited to the left color! 
(Newcomb et al., 1995). In another case-control study, the effects of smoking varied by 
colon subsite and were not consistent in men and women (Le Marchand ei al, 1997). 

(e) Confounding 


dal, 1996; Knekt etal, 1998; Singh & Fraser, 1998; van Wayenburge/ al, 2000; Chao 
et al., 2000; Sturmer el a!., 2000; Terry el al, 2001). The extent to which residual effects 
0 f potential confounders can explain the small increase in risk associated with smoking 
cannot be determined for certain. In some studies, adjustment for alcohol (Hirayama, 
1989 ) and other risk factors (Giovannucci el al., 1994a) substantially reduced the magni- 
lude and the significance of the effect of smoking. In other studies, the risk estimate asso¬ 
ciated with smoking was reduced by up to 10 % although the association remained statis¬ 
tically significant (Chao er al., 2000; Sturmer et al, 2000). None of the prospective 
studies has evaluated whether the association between smoking and colorectal cancer was 
modified by other characteristics such as alcohol intake, body size, and others. 

In about half of the case-control sludies, demographic factors and at least two of the 
potential confounders discussed above were adjusted for the analyses (Slattery ei al, 
1990; Choi & Kahyo, 1991; Kune el al., 1992; Olsen & Kronborg, 1993; Baron et al, 
1994; D'Advanzo et al, 1995: Newcomb et al., 1995; Siemialycki et al, 1995; Le 
Marchand et al, 1997; Slattery el al, 1997; Yamada et al, 1997; Ghadirian et al, 1998; 
Tavani et a!., 1998; Chiu etal, 2001). In addition, two studies investigated whether the 
association between smoking and colorectal cancer was modified by other characteristics 
(Newcomb et al, 1995; Slattery etal., 1997). Newcomb and coworkers reported a signi¬ 
ficant interaction between body-mass index and risk for rectal cancer (but not colon 


1 



It is of note that even among the 'positive ’ cohort and case-control studies, the magni¬ 
tude of risk between the highest and lowest exposure (i.e. in people who have never used 
tobacco) was modest (20-60% increase in risk). The treatment of potential coufoundereis 
particularly important when evaluating the overall evidence on the association of smoking 
with colorectal cancel. Inadequate adjustment for various potential confounders (e.g. 
alcohol, physical activity, body size, dietary factors) or unidentified confounders could 
account for the small increase in risk found with smoking in some studies. For example, 
smokers are more likely than nonsmokers to be physically inactive (IARC, 2002), to use 
alcohol, to have poorer dietary habits (e.g. low consumption of fruits and vegetables and 
high consumption ot fat and meat) and they are less likely to be screened for colorectal 
cancer (Margetts & Jackson, 1993). Each of these factors, in turn, is positively associated 
with colorectal cancer risk (Potter et al., 1993). Thus, smoking may appear to increase the 
risk for colorectal cancer even if it has no direct effect on risk, if these potential con- 
founders are inadequately controlled for or not controlled for in the analysis. 

Few potential confounders were adjusted in most of the cohort studies. In some one- 
third of the published studies, only age or other relevant demographic factors were consi¬ 
dered (Hammond & Horn, 1958a,b; Hammond, 1966; Doll el al., (980; Williams etal, 
1981; Garland et al, 1985; Carstensen et al., 1987; Sandler el al, 1988; Akiba & 
Hirayama, 1990; Tverdal et al, 1993; Akiba, 1994; Doll el al, 1994; Engelandetn/., 
19%). Some studies adjusted only for demographic factors and alcohol use (Kono el d„ 
1987; Ghyou et al, 1996; Using et al, 1998). Less than half of the studies considered wo 
or more of the potential confounders mentioned above (Wu et al., I9S7; Kiatsky el oh 
1988; Bostick et al, 1994; Giovannucci et al., 1994a,b; Heineman et al., 1994; Nyiea 


cancer) such that the risk for cancer at this site was significantly greater among heavier 
women. In the study of colon cancer by Slattery et aI (1997), smokers with a high body- 
mass index displayed higher risk than those with a low body-mass index. However, the 
influence offS-earctene and other antioxidants on risk appeared to vary by smoking levels, 
but the nature of the effect differed according to whether the sources of antioxidants were 
dietary or from supplements. Although no systematic confounding factor has been iden¬ 
tified, limited results (Newcomb etal, 1995; Slattery et al, 1997) show that body size, 
dietary factors and other potential confounders need to he adequately controlled for in the 
analysis before any association between smoking and colorectal cancer can be accepted. 

if) Colorectal polyps 

Twenty-seven informative studies have investigated the association between tobacco 
smoking and risk of colorectal polyps, mostly of the adenomatous type, a well-established 
precursor for colorectal cancer. These studies are presented in Table 2.1.7.5. Prevalent 
cases were investigated in most of the studies, although the risk of reecurrence was the 
end-point in two studies (Jacobson et al, 1994; Baron el al. 1998). In contrast to the 
weak and inconsistent findings on tobacco use and risk of colon and rectal cancer, the 
epidemiological evidence on the relationship between smoking and colorectal polyps is 
generally consistent and more compelling. A significant positive association between 
smoking and risk of polyps has been found in all but five studies (Kato et al., 1990b; 
K 0110 ei al., 1990; Sandler et al, 1993; Baron et al., 1998, Breuer-Katschinski et al, 
2000). in five studies that presented results separately for men and women (Lee et al., 
1993; Jacobson et al, 1994; Boutron a?., 1995; Kahn etal., 1998; Nagata etal., 1999), 
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the association appeared equally strong in men and women. Significant positive dose- 
response trends with number of cigarettes smoked daily (Kikendali etal, 1989; Monnet 
etai., 1991; Zahm etal., 1991; Kearney eta/., 1995; Kahn etal.. 1998), years of smoking 
(Monnet et al., 1991; Zahm etal., 1991; Olsen & Kronborg, 1993; Nagata etal., 1999) 
and pack-years of smoking (Kikendali et al, 1989; Monnet et al, 1991; Zahm et al., 
1991; Honjo et al., 1992; Lee et al, 1993; Giovannucci et al., 1994a,b; Jacobson etal, 
1994; Boutron et al., 1995; Honjo et a!., 1995; Martinez etal, 1995; Longncckcr 
1996; Nagata et al., 1999; Almendingen era/., 2000) have been found. 

The benefit of smoking cessation has been evaluated, Point estimates for former 
smokers were calculated in 14 studies. Some studies found a decrease relative to current 
smokers to a non-significantly elevated risk (Zahm et al., 1991; Kearney et al., 1995; 
Longneckcr et al., 1996; Martinez et al., 1997; Almendingen et al., 2000), while the risk 
remained significantly elevated in others (Monnet et al ., 1991; Honjo et al., 1992; Olsen 
& Kronborg, 1993; Martinez etal., 1995; Kahn etal., 1998). 

A few studies also investigated trends, and the results are inconclusive. In one study, 
the risk for colorectal adenomas was higher than for current smokers after 10 years of 
smoking cessation (Monnet et al, 1991), whereas in another study, the risk was close to •«— 
unity after only 2 years of smoking cessation (Kikendali et al, 1989). 

Studies adso varied in the potential confounders that were considered. In about half of . 
the studies, demographic factors and several of the potential confounders discussed for 
colorectal cancer (physical activity, alcohol consumption, body size, dietary factors and 
screening history) were controlled for in the analysis (Olsen & Kronborg, 1993; 
Giovannucci et al, 1994a,b; Jacobson et a!., 1994; Honjo et al, 1995; Kearney etal, 
1995; Martinez et al., 1995; Nelson et al, 1995; Longneckereta/., 1996; Martinez et al, 
1997, Kahn et a!., 1998; Almendingen et al, 2000; Brcuer-Katschinski et al., 2000). 
Several studies adjusted for demographic factors and alcohol use only (Kikendali el al, 
1989; Kono e/ a/., 1990; Cope etal, 1991; Zahm era/., 1991; Honjo etal, 1992; Sandler 
el d, 1993; Boulron et al, 1995), whereas only age was adjusted for in other studies 
(Hoff et a!, 1987; Demers et al, 1988; Stemmermann et al, 1988; Kato et al, 1990b; 
Monnet etal, 1991; Lee el al, 1993; Manus etal, 1997; Nagata el al, 1999). In a study 
that examined the joint effect of smoking and alcohol, a statistically significant increase 
in risk was found only among subjects who were both smokers and drinkers (Cope et d, 
1991) although a non-significant twofold increase in risk was also found among smokers 
who were non-drinkers. 

Most relative risk estimates for smoking and colorectal polyps range between 2 and 
3, whereas the risk estimates for colorectal cancer range between 1 2 and 1.4. The reasons 
for the apparent parados have stimulated considerable discussion (Boutron et al, 1995; 
Terry & Neugut, 1998; Potter, 1998; Boutron-Ruault, 1999; Poole, 1999; Boutron-Ruaull 
& Rabkin, 2000; Stunner et al, 2000; Terry et al, 2000). The probable high prevalence 
of adenomas in most unscreened control groups selected for colorectal cancer studies may 
have diluted the association between colorectal cancer and smoking (Terry & Neugut, 
1998). The strength of an association between a risk factor and a causal intermediate (e.g. 


colorectal polyp) may be stronger than the association with the end point of interest (c.g. 
colorectal cancer) if other pathways to that end-point exist (Poole, 1999, Terry et al., 
2000). Finally, because prevalences of colorectal polyps of at least 20% have been esti¬ 
mated for subjects aged 50 years or older in the USA, the rare disease assumption may 
not apply and the odds ratios reported would be inflated estimates of the relative risk 
(Terry etal., 2000). 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



624 


(ARC MONOGRAPHS VOLUME 83 


Table 2.1,7.1. Additional cohort studies on tobacco smoking and colorectal cancer m a i„ 
characteristics of study design 


Reference 
Country and 
years of study 

Name of study 
(if available) 

Cohort sample 

Cases/deaths 

identification 

Comments 

Garland ca £?/. 

Western Electric 

1954 male employees at the 

Death certificates 

Study primarily 

(1985) 

Health Study 

Western Electric Company 

and medical and 

investigating dietary 

USA 

1957-77 

Sandler ti til. 

(IMS) 

USA 

1963-75 


in Chicago, aged 49-55 
years 

91 909 residents in 
Washington County, aged 
> 25 years 

hospital records 

County-wide cancer 
register or death 
certificates 

vitamin D and calcium 
intake and risk of 
colorectal cancer 

Kalo tl til. 

New York 

15 785 women recruited 

Active follow-up 

Study mainly 

(1997) 

University 

from New York City and 

and linkage to state 

investigating diet and 

USA 

1985-94 

Women's 

Health Study 

Florida, aged 34-65 years 

cancer registries and 
National Death 

Index 

colorectal cancer 

SUirmer e? erf. 

Physicians’ 

22 071 male physicians, 

Yearly 


(2000) 

USA 

Health Study 

aged 40-84 years 

questionnaires 


1982—95 

Baron et al. 


751 participants in a multi- 

Cases ascertained by 

Randomized 

(1998) 

USA 

4 years 

Nagatn a n /. 
(1999) 

Japan 

1992-95 


centre clinical trial of 

0-carotcne and vitamins C 
and E, with at least one 
recent large bowel adenoma 
31 552(H427 men, 

17 125 women) residents of 
Takayama, aged > 35 years 

colonoscopy 

Cases Ascertained by 
colonoscopy at two 
major hospitals 

intervention trial 

Olsen & 


17284 residentsofFtinen 

Cases ascertained by 

Nested castscontrol 

Kronhorg 
(1993) “ 

Den marie 
1986-90 


Island, participating inn 
randomized control trial for 
colorectal cancer screening, 
aged 45-74 years 

Haeinoccult-I! test 

study, controls matched 
by age, sex and date of 
testing 
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Table 2.1.7.5 (contd) 


Reference 
Country and 
years of sillily 


»0l] ct at, 
{1 980) 
UK 

I 95’-73 


Ro^ut <fe Muirav 

(I98J>) 

USA 

195^-69 

Williams eta!. 
(19 31) 

USA 
1^*43-82 
24 years 
Garland & •at. 
(1985) 

USA 

1957-77 

Carstensen et a!. 
1.1987) 

Swcdesi 

1963-79 


Cohort 

No. of subject..* 


British Doctors* 
Study 

6194 women 


US Veterans' 
Study 

248 195 men 


Framingham 

Heart Study 
5209 men and 


Western Electric 
Company Study 
] 954 men 


Swedish Census 

Study 

25 129 men 


No.'of death a from Smelting categories 

cancer of colon or 

reel ui ii/incident 
cancers 


7 rectal deaths 


1093 colon, 370 
rectal deaths in 
smokers 


49 colorectal 
deaths 


I I 7 colon, 69 
rectal deaths 


Current smoker 

Cigcu vUesAJay 
1-14 
15-24 
£25 

p for trend 
Former smoker 
Current STlOikcr 


58 colon (28 men, Pscks/day 

30 women) <] 

I 

>1 


Relative risks (93% Cl orp value) 
Colon cancer Recta! cancer 


ColoreeLa I 
canter 


comparison .group. 
Colorectal cancer 
group 

Cigaret"es<'d£y 
Former smoker 
Current. any tablet a. 
gSday 

S—1 S 

> 15 

p for trend 


Adjustment factors/ 


Aye, calendar year 


A few eases of cancel s of 
the .small intestine were 

included with colon 

cancers; no. of dead is in 
never smokers not given 
Age, hot sure about sex. 

Not all colon (n — XX) and 
none of rectal (»? = 26) were 
included in analysis 

*Noi - clative risk calculated 
Numbers indicate average 
number ofciguretles 
smoked per day. 

Age, residence 
Former smokers were 
excluded in tesl for trends;. 


Table 2-1,7-2 (contd) 


Reference 

Country and 
years of study 

Cohort 

No. uf subjects 

No. of deaths from 
cancer-of colon or 
T=ctum.-'incident 

cancers 

Smoking categories 

Relative risks (95% Cl or p value) 

Colon cancer Rectal cancer Colorectal 

cancer 

Adjustment factors/ 

com me ms 

iCono at at. 

Japanese 

39 -cold-rectal 

"R'ever/past/ 



1.0 

Age, alcohol use 

(1987) 

Physicians* Study 

deaths 

occasional 





japan 

5 L3U men 


Current smoker 





1965-83 



■—19 cigs/day 



0.9 (0.4-1.9) 





£ 20 cigsi'dny 



0 9 (0.4—2.2) 


Ws era/. (1987) 

Leisure World 

1 26 colorectal 

Men 




Age; odds ratio for smoking 

USA 

Study 

cancers (58 men. 

Former >20 years 



1.7 (0.R-3.6) 

in men was significant 

1981-85 

| ] 644 men and 

SS women)' 

Formers 20 years 



2.6 (1.3-5.3) 

( 1 .49) after adjustment for 


women 


Current 



1.8 (0.6-5.7.) 

sex. alcohol consumption. 




Women 




physical aelivity and body 




Former >20 years 



1.6 (0.8—3.0) 

mass index 




Former < 20 years 



0.7 (0.3-1.5) 





Current 



1.4 (0.7-1.0) 


Klatsky er at. 

Kaiser 

203 colon careers 

Former smoker 

1.0 (0.7-1.4) 

1.3 (0.7-2-3) 


Age, race, alcohol and 

(1988) 

Permanente 

(92 men. 111 

C LLrrent smoker 




coffee intake, body size, 

USA 

Medical Care 

women). 66 rectal 

< E pack/day 

0.8 (0.5-1.3) 

1.1 (0.5—2,3) 


education, serum 

197S-S4 

Program Study 

cancers (3 3 men. 

£ L pack/day 

1.4 (0.8—2.3) 

1.0 (0.4—2.8) 


cholesterol; 10% random 


1 (16 203 men and 

33 women) 





sample of controls used in 


women 






analyses 

Sandler ex al. 

22 773 men. 

Colorectal -deaths 

Current; smoker 




Age 

0988) 

25 369 women 

(194 men, 2B6 

Men 



1.4 (0.9-2.2) 

Nonsmokers were never 

USA 


women) 

Women 



0.8 (0,5-1.1 > 

smokers who did not live 

1963-75 







With smokers. 

Hirayama (1989) 

S i x -prefectu re 

574 colon death* 

Daily smoker 

Proximal 



Age 

Japan 

Study 

(256 men, 318 


Colon, 



Smoking was noi 

1965-81 

122 261 men. 

women) (91 


1.2 (0.9-1.6); 



significant aller adjusting 


1 <2 S47 women 

sigmoid careers) 


Sigmoid 



for alcohol and dietary 





colon. 



faciors ( 1.2; 95% Cl. 


] .4 (0.7—2.8) 0.6-7 3 ). 
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Table 2.1.7.2 (eontd) 





mi 


Reference Cohort 

Country and No. of subjects 

years of Study 


Akiba & Six-prefecture 

I lire-yama (F 990) Study 
Japan 122 261 men. 

]965-S l ] 42 847 women 


No. of deaths from 
cancer of colon or 
rwtuin /in c i dent 
cancers 


Coion 090 men, 
257 women) and 
rectal (254 men, 
2 J I women) 
cancer deaths 


Chute et at. Nurses'Health 191 colon, 49 

(1991) Study recta J cancers 

CSA t ] s 404 women 

1976-84 


Smoking categories Relative risks (95% Cl Qip value) 


Colon cancer Rectal cancer 


Men 

Any cigarettes 
Cigareltesfday 
1-1 
S—14 
15-24 
25-34 
> 35 

p for trend 
Women 


1.1 (OX-1.5) 

0.9 (0.2-2.6) 
1.0(07-1.6) 
I-1 (0.7-1.6) 
J-2 (0.5-2.4) 
t -X (0.6-4.2) 
>0.J 


1.4 (1.0-1.9) 

1 .4 (0.5-3 2) 

1.3 (0,9-1.9) 

1.4 (1 .0-2.0) 

1.5 (0.7-2.9) 
1.1 (0.3-2 9) 
0.09 


Any cigarettes 
Cigarettes/day 

0.9 (0.6-1.3) 

0.9 (0.6-1.3) 

1-4 

1.1 (0.4-2.4) 

0.5 (0.1-1 .7) 

5-14 

0.9 (0.5—1.4) 

0.9 (0.5-1.5) 

> 15 

0.5 (0.1-1.6) 

2.1 (0.8-4.3) 

P for trend 

> 0.1 

>0.1 

Former smoker 

1.2 (0.9-1.7) 

1 .9 (1.0-3.6) 

Current smoker 
Clgorettes/day 

1.0 (0.7-1,4) 

J.l (0.5-1.3) 

1-14 

1.0 (0,6-17) 

1.2 (0.4-3.7) 

15-24 

1.0 (0.0-1.6) 

f.l {0.5-2.5)’ 

>24 

1 .0 (0.6-1 .7) 


p for trend 

0.S8 

0.65 


Colorectal 

cancer 


Adjustment factors/ 

comments 


Prefecture of residence, 
occupation, attained age 

(5-year interval), 
observation period (see 
Hrrayama, 1989) 


Age' 

Vor > I 5 cigarette s/d uy 



Table 2.1.7.2 (eontd) 


Reference 

Country - and 

years of SLudy 

Cohort 

No. of Subjects 

No. of deaths from 
cancer of colon or 
rectum/incident 

cancers 

Smoking categories 

Relative risks (95% Cl or p value) 

Colon cancer Rectal cancer Colorectal 

cancer 

Adjustment factors/ 

— comments 

Tverdal et al. 

Norwegian 

Colon {53 men, 30 

Men 



Age. area 

(1993) 

Screening Study 

women), rectal 

Former smoker 

1 .2 

1.4 

T Among male current 

Norway 

44 290 men. 

(50 men, 16 

Current smoker 

1.5 

I.S 

smokers of cigarettes only. 

1972-88 

24 535 women 

women) cancer 

Cigarettes/day 



the relative risk per 10 



deaths 

1-9 

t>.7 + 

1.7* 

cigarettes was 1.2 (95% Cl, 




10-19 

1.7 

1.7 

0.7—2.2) for colon and II.X 




> 20 

1.3 

1.7 

(95% Cl, 0.4-1.6) for rectal 




Women 



cancers [assuming this was 




Former smoker 

0.9 

NA 

calculated using 1-9 




Current smoker 

1.1 

0.6 

cigarettes per day as the 







baseline group) 

Akiba(1994) 

Life Span Study 

324 colon (172 

Former smoker 

0.9 (0.6-1.4) 

1J (0.8—2.0) 

City, sex, population group. 

Japan 

61 505 men and 

men. 152 women). 

Current smoker 

1.2 (0.9-1.6) 

l .O (0,7—1.4) 

atomic bomb exposure. 

1963-87 

women 

218 rectal (122 




birth year ( 10-year 



men, 96 women) 




interval), attained age 



cancers 




(5-year interval) 

Bostick vial. 

Iowa Women's 

212 colon cancers 

Fomer smoker 

0.9 (0.6-1.3) 


Age. total energy, height. 

(1994) 

Health Study 


Current smoker 

1.1 (0.7-1.6) 


parity, total vitamin E 

USA 

35 215 women 





intake; total vitamin E by 

1986-92 






age interaction term; 







vitamin A supplement 
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Table 2,1.7.2 (contd) 


Reference 
Country and 
years <?f study 


Cohort 

No. of subjects 


No. of deaths from 
cancer of colon or 
red urn/in ci dent 
cancers 


Smoking ealegorica Relative risks (k5% Cl or,P value; 


Colon cancer Recta? cancer 


Doll et al. 
(i994) 
UK. 

1951-9! 


Giovannucci 
et at, (1994a) 
USA 
1976-90 


Colorectal 

cancer 


Adjustment factors/ 

comments 


British Doctors’ 

Study 

34 439 men 


Nurses' Health 
Study 

118 334 women 


437 colon and [68 

Funner smoker 

1.4 

1.5 

rectal deaths 

Current smoker 

1.3 

2.3 


p for trend 
current Smoker 
Cigarette? /day 

0.37 

0.06 


1-14 

1.4 

1.3 


15-24 

u 

1.9 


>25 

1.4 

4.5 

586 colorectum 
deaths 

p for trend 

Current smoker 

Years since starting 
smoking 

S 10 cigarettes/ day 

1—19 years 

20-29 years 

30-34 years 

35-39 years 

40-44 years 

0.06 

0.03 


Ate, calendar period 


> 45 years 
^ lO cigarettes/ day 

1-19 years 
20-29 years 
30—34 years 
35-39 years 
40—44 years 
2: 45 years 
SmMng 
>10 pock—years 
Betbre age 30 
After age 30 


}.2 (0.9-1.5) 2.1 (1.2-3.4) 


04(0.7-1.2) 


0.8 (0.4-1.4) 
1-0 (0.7-1.4) 
0.8 ((XS-J.l) 
0.8 ( 0 . 6 — 1 . 2 ) 
1.0 (0.7-1.5) 
M (0.6—2,0) 

0,4 (0.1—1.3) 
1.1 (0,7-1. 6) 
0.8 (0-5-1. 2) 
l.S (!. 1-2.0) 
1.6(1.1-2.3) 
2.0(1.1-3.5) 

1.3 (3.0-1 .8) 
i. 0(0.8-1.3) 



Table 2.1.7.2 (contd) 


Reference 
Country and 

years of study 


Cohort 

No. of subjects 


No. of deaths from 
cancer of colon or 
rcctu m/incident 


Smoking categories Relative risks (95% Cl or p value) 


Adjustment factors/ 
comments 


Colon cancer Recta! cancer 


Colorectal 

cancer 


Oiovannucci 
et al. (1994b) 
USA 
1986—92 


Health 

Professionals’ 
Follow-up Study 
47 935 men 


239 cotoreclum 
deaths (44 rectal) 


Current smoker 

1.4 (0.8—2.2) 

Age. family history of 

Pack-years 


colorectal cancer, body- 

1—9 

1.3 (0.8—2.1) 

mass index, intake of 

10-19 

1 3 (l .0-2 3) 

saturated fat. fibre, folate. 

20-29 

1.7(1.1-2.5) 

and alcohol 

30-39 

J .4 (0.8—2.2) 


£40 

1.5(1.0-2.1) 


p For trtnd 

0.12 


Before age 30 


All the risk estimates for 

1 —4 

1.6(1.0-2.6) 

pack-years smoked after 

5-10 

1.6 (1.0-2.6) 

age 30 years were < 1.0 

11—15 

2.1 (1.2-3.4) 

when also adjusted for 

2: 16 

2.0 (1.3—3.2) 

smoking before age 30 

p for trend 

0.001 

years. 

After age 30 



1-4 

0.8 (0.5-1.5) 


S-10 

0.9 (0.6-1.5) 


11-15 

0.8 (0.5-1.3) 


> 16 

0.7 (0.4-1.1) 


p for trend 

0.1 8 


Years since starting 


Age. body-mass index, 

smoking 


family history of colorectal 


g 

> 

rs 

3 


O 

71 


£ 10 cigare««/day 
1—19 years 
20—29 years 
30-34 years 

35-39 years 
40—44 years 
>45 


1.3 (0 6-2.6) 
1.3 (0.6—2.7) 
1.2 <0.7-2.1) 
l.E (1.2-2.9) 
1.6 ( 1 . 1 - 2 . 0 ) 


cancer, intake of saturated 
fat, folate, dietary fibre and 
alcohol 


3006392306 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Cohort 

No. of subjects 



s . 


T 


TMo of deaths from 
cancer of colon or 
rectum/incident 
cancers 


3812 colon and 
110<> rectal deaths 


Smoking categories Relative risks (95 % Cl or p value) 

Colon cancer Rectal cancer 

Colorectal 

cancer 

Adjustment factors/ 
comments 

k 10 cigarettcs/day 





1-19 years 



1.9 (0.6-6.3) 


20—29 years 



0.8 (0.3 2.2) 


30—34 years 



08(0.2-2.6) 


35—39 years 



1.2 (0.6-2.3) 


40—44 years 



1.7 (0.9-3. 3) 


^ 45 years 



2.6 (1.5-4.4) 


Current smoker 

1.2 (1.1-1.4) 

1.4 < 1.2-1.7) 


Age, social class, physical 

Former smoker 

1.3 (12-1.5) 

1.4(U-J .7) 


activity. 

Unknown 

1.2 (i.1-1.4) 

1.4 (1.1-1.8) 



C igcirenes/tiay 




cigarette use was also 


M (1.0-1.3) 

1.3(1.0-17) 


associated with an 


1.2 (1.1-1.4) 

1.4(1. l-l. 7) 


increased risk.) 

21-39 

1.3(1.1-1.4) 

1.6(13-2.1) 



5 40 

1.6 (1.2-2.0) 

1.7 (1.1-2.6) 



p for trend 

< 0.001 

< 0.001 



Pack—years 





0-8 

1-0 (0.8-1.3) 

0.8(05-1.3) 



> 8-18 

1.2 (1.1-1.4) 

1.6(1.2-2.1) 



> 18-98 

1.4 (1.2-1.6) 

1.7 (1.4-2.2) 



p for trend 

< 0.00 I 

<0.001 



Age at starting 





smoking 





5 25 years 

M (1.0-1.3) 

1.2 (0.9-16) 



20—24 years 

1.3 (1.1-1.5) 

1.4 (1.1-1.7) 



15—19 years 

1.2 (1.1-1.4) 

1 -6 <1.3-1-9)- 



< 15 

1 -4 (1.2—1.8) 

1.5 (1.0-2.2) 



p for trend 

c 0.00] 

0.006 




Table 2.1.7.2 (could) 


Reference 
Country and 
years of Study 

Cohort 

No. of subjects 

No. of deaths from 
cancer of colon or 

rectum/incident 

cancers 

Smoking categories 

Relative risks (95% Cl or p value) 

Adjustment factors/ 

Colon cancer 

Rectal cancer Colorectal . 

cancer 


McLaughlin 

US Veterans’ 

2596 colon and 

former smoker 

1.4 (1.2-1.5) 

1.3 (t.CM.5) 

Age, calendar-year time- 

et at. <1995) 

Study 

735 rectal deaths 

Current smoker 

3.2 (LI-1.4) 

1.4 (L2-1.7) 

period. Relative risks were 

USA 

177 903 men 


Ever-stnoket 

1.3 (1.2-1.4) 

1.4 (1.2-1.6) 

lower for 1954—69 than for 

1954-80 

(excluded 34 219 





1 970-80: colon cancer. 


pipe/cigar 


C igare tres/duv 





smokers and 


1-9 

1.1 <0.9-J ,3> 

1.3 (1.1-1.9) 

1.4 (95% Cl, 1.2-1.6), 


35924 with 


10-20 

J.2(l.l-1.4) 

1.3 (1.1-1.6) 

respectively; rectal cancer. 


unknown smoking 


31-39 

1.3 (1.1-1.5) 

J.6 <1.2-2.0) 

1.2 (95% CJ, 1.0-1.5) and 


habits) 


£ 40 

1.7 <1.3—2.1) 

1.5 (0.9—2.4) 

2.0(95% Cl, 1.5-2.8), 




p for trend 

< 0.01 

< 0.01 

respective ly. 

Chyou el al. 

American Men of 

330 colon and 1 23 

Former smoker 

1.3 (1.0-1.7) 

1.3 (0.8—2.2) 

Age 

(1996) 

Japanese Ancestry 

rectal cancers 

Current smoker 

1.4(1.l-l .9) 

2.0(13-3.0) 


USA 

Study 


Pack—years 




1965—95 

7945 men 


1-15 

1.3 (0.9-1 .9) 

1.1 (0.4-2.1) 





1 6-30 

1.1 (0.8—t .5) 

1.6 (0.9-2-7) 





> 31 

1.5 (1.1-1.9) 

1.9 (1.2-3 .0) 





p for trend 

OOOOS 

0.0034 





Per 10 pack—years 

M (1.0-1!) 

1.1 < 1.0—J.2) 

Age, alcohol consumption. 







body-mass index, scrum 







cholesterol, hc?‘ rt rate, 







intake of mono unsaturated 







fatty acid 

Engeland et al. 

Norwegian Cohort 

Colon (230 men. 

Men 



Age 

< 1996) 

Study 

300 women) and 

Former smoker 

1-0 (0,6-1,5) 

0,8 <0.4-|. 6) 


Norway 

1 I 863 men. 

rectum {139 men. 

Current smoker 

1.2 (0.8-1 .6) 

1.6 (J .0—2-6) 


1966-93 

14 269 women 

141 women) 

Women 






cancers 

Former smoker 

1.3 (0.9-2,0) 

S .3 (0.8—2-4) 





Current smoker 

1.1 (0.8-1.4) 

0.8 (0.S-1.3) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.7.2 (contd) 


Reference Cohort 

Country and No- of subjects 

years of Study 


Murats ct a!. 
(1996) 

Japan 
3 984-93 


Chiba Center 
Association Study 
17 200 m en 


Nyren el etl. 
{1996) 
Sweden 
1971-91 


Swedish 
Construction 
Workers Cohort 
134 985 men for 
colon. 135 009 
men for rectum 


Yuan et al. 
{ 1996) 
China 
!986-93 

Cher et at. 
(1997) 
China 
1972-93 


Shanghai Men’s 

Study 

1 8 244 men 


Shanghai Factory 
Study 

1696 men and 
women 


No. of' deaths from Smoking categories 
cancer of colon or 
reel urn'"incident 
cancers 


Relative risks (95% Cl or/? value) 

Colon cancer Rectal cancer Colorectal 
cancer 


61 colon, 43 
rectum 


7 13 colon, 505 
incident rectal 
cancers 


26 colon, 31 rectal 
cancers 


22 colorectal 

cancers 


C igarettesAlay 
1-10 
11-20 
>21 

p for trend 

Former smoker 

Current smoker 

Cigaret/es/dav 

\-A 

5-14 

15-24 

> 25 

Duration (years) 

Former smoker 

I 10 
I 1-20 
>21 

Current smoker 
1-10 
11-20 
21-30 
31-40 
>41 

Ever-smoker 
Cignreties/day 
<20 
> 2(5 

C igarettes/day 

1-19 

S 20 


0.8 (0.3—2.2) 

1.3 (0.3-6.0) 

1.1 (0.5 -2.4) 

1.1 (0.5-2,7) 

1.0 (0.3—2.8) 

3-0 (0-7-13.4) 

0.98 

0J7 

1.0 (0.8-1.2) 

1.2 (1.0-1.5) 

1.0(0.8-1.2) 

I.I (Q.9-1.4) 

0.9 (0.7-1.2) 

1.1 (0.81 — 1.4) 

0.8 (0.7-1.0) 

0.8 (0,6-1.0) 

1.1 (0.9-1.4) 

1.2 (0.9-1.5) 

1-1 (0.6-1-8) 

1.1 (0.6-2.0) 

0.8 (0.4-J.l) 

1.3 (0-9-1.9) 

1-1 (0.9—1.5) 

1.4 (1.0-1,9) 

l 1 (0.8-1 .4) 

J.l (0.8-1.5) 

0.8 (0.4-1.3) 

0.8 (0,4- 1.7) 

0.7 (0.5-1.1) 

1.0 (0.7—1.6) 

1.0 (0.8-1.3) 

1.2 (0.8-1.6) 

J.l (0.8-1.3) 

1,3 (1.0-1.7) 

1.0 (0.7-1 .4) 

1 .1 (0.7-1.6) 

U 

0.6 

1.5 

0.5 

0.7 

0.7 


■ t.5p> 0.05 
2.6/? > 0.05 


Adjustment I be tors/ 
comments 


Crude 93% Cl calculated by 
Working Group based on 
the data presented. No 
effect of smoking by levels 
of alcohol intake 
Body-mass index, height, 
normal and maximum pulse 
rate, marital status and 
asbestos exposure 


Adjusted for age and 
alcohol consumption 


Adjusted forage?, systolic 
blood pressure, serum 
txholesferol and regular 
alcohol drinking (yc&Sno) 


o\ 




Table 2.1.7.2 (contd) 


Reference 

Country and 
years of study 

Cohort 

No. of subjects 

No. of deaths from 

cancer of colon or 

rcctum/i incident 

cancers 

Smoking categories 

Relative risks (95% Cl or p value) 

Colon cancer Rectal cancer 

Colorectal 

cancer 

Kato et at. 

New York 

73 colon and 27 

Former smoker 


| .0 <0.6-1 .6) 

(1997) 

University 

rectum 

Current smoker 


1.0 (0.5-1.9) 

USA 

Women’s Health 





1985-94 

Study 






14 727 women 





Liaw & Chen 

Taiwanese Study 

42 colorectal 

Current smoker 


0 8 (0.4-1.5) 

(1998) 

17 538 men and 

cancers 




China. Province 

women 





of Taiwan 






|982-94 






Norhmd el t/f. 

Swedish Census 

559 incident 

Former smoker 


1.2 (0.7—1.9) 

(1997) 

Study 

colorectal cancers 

Current smoker 


0.9 (0.7—t .2) 

Sweden 

1963-89 

26 032 women 


Cigarettes/da y 

1-7 


0-9 (0.6-1.33 




8-15 


0.7 (0.4-1.1) 




> 15 


1.4 (0.8—2.6) 




Age at starting 






smoking (years) 






20-23 


1.2 (0.6-2.3) 




< 19 


1.0 (0.5-1.9) 




p for trend 


0.95 

Tulinius et at- 

Reykjavik Study 

Colorectal cancers 

Women 



(1997) 

1 1 366 men. 

(193 men. 145 

Former smoker 

1.1 (0.7-1.9) 


Iceland 

] 1 580 women 

women) 

Ciga rail estday 



1968-95 



1-14 

1 A (0.9-2.!) 





15-24 

1.5 (1.0-2 5) 





> 25 

2.5 (L,0-6.2) 



Adjustment Iuuuh at 
comments 


Age, place of enrolment 


Analysis, for men only 
because of the small 
number of cases in women 


Age. place of residence 


Age, glucose levels. Results 
for men were not presented: 
presumably not statistically 
significant 


3006392308 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.7,2 (cuntd) 



Reference 
Country and 
years of study 

Cohort 

No. of subjects 

No. of deaths from 
cancer of colon or 
rectum/incidem 

cancers 

Smoking categories 

Hsing el ai. 

Lutheran 

120 colon. 25 

Former smoker 

(1998) 

Brotherhood 

rectal deaths 

Occasional smoker 

USA 

Insurance Study 


Current smoker 

1966—86 

17 633 men 


Clig/ir&rtes/rfay 

1-19 

20-29 
a 30 

p for trend 

Duration (yearn) 
1-19 

20-29 

>30 

p for trend 

Knckt eted. 

Mobile Health 

241 colon and 216 

Former smoker 

(1998) 

Clinic Study 

incident rectal 

Cigarenes/day 

Finland 

56 973 men and 

cancers 

< 15 

1966-94 

women 


> 15 

Smoker in 1966 
and 1973 

Follow-up (years ) 

< 10 

11-20 

> 20 

Singh & Fraser 

Adventists’ Health 

157 colon (J 35 

Former smoker 

(1998) 

Study 

colon. 22 recto¬ 

Current smoker 

USA 

1976-82 

32 051 men and 
. women 

sigmoid) 



Relative risks (95% Cl or p value) 


Adjustment factors/ 

Colon cancer 

Rectal Cancer 

Colorectal 

comments 



cancer 


1.5 (0.8—2.7) 

1.4 (0.7-2 9) 
1.4 (0.7-2.7) 


1.1 (0.7-1.8) 

1.1 (0.6-2.0) 

1 .0 (0.6-1.7) 

Age, urban/rural residence, 
alcohol intake Occasional 
users smoked less than 1 

1.1 (0.5—2.5) 
l .6 (0.7-3.4) 
2.3 (0 9—5.7) 
0.3 


0 8 (0.4-1 .6) 

1 .1 (0.5-2. ]) 
1.7(07-3.8) 
0.5 

cigarette, pipe or cigar per 

day 

1.3 (0.2-9.7) 

2.4 (1.0-5.3) 
1.2 (0.6-2.4) 
0.8 


0.8 (0.1-6.0) 

1.0 (0.7-3.2) 
0.9 (0.5-1.6) 
0.8 


1.2 (0.8-1.9) 

1.1 (0.7-1.7) 

1.4 <0.8-2.1) 
1.9 (1.1-3.5) 

0.9 (0,6-1.4) 

l.l <0.7-1.7) 

0.9 (0.5-1 .d) 

1.5 <3.8—2.9) 

1.0 (0.7-1.4) 

1.1 (0.8—1.5) 

1.0 (0.7-1.5) 

1-7 ([.1-2.7) 

Smdfcerx 

1.0 (0.6-1.6) 

1.6 (1.1-2.2) 

0.8 (0.5-l.l) 

Sex, age, body-mass index, 
occupation, area, type of 
population, marital status 

1 7 291 subjects in second 
health examination between 
1973 and 1976 

1.1 (0.8-1.7) 

1.4 (0.5—3.8) 



Aye. sex, parental history of 
colon cancer 


Table 2.1.7.2 (contd) 

Reference Cohort 

Country and No. of subjects 

years of study 

"No. of deaths from Smoking categories 
cancer of colon or 

Relative risks (95% Cl orp value) 

Adjustment factors/ 

rect u tn/inc ide nt 

cancers 

Colon cancer Rectal cancer Colorectal 

cancer 

— comments 


Chao et at. 
( 2000 ) 
USA 
1982—96 


Cancer Prevention 

Study (OPS) II 
312 332 men and 
469 019 women 


Colorectal deaths 
(2156 men, 2276 
women) 


A ten 

Former smoker 
Current smoker 
Women 

Former smoker 
Current smoker 
Men and women 
Cigarettes >'riay 
< 20 
20 

21-39 
5 40 

P for trend 

Pack—years 

<20 

20-39 

40-59 

>60 

p for trend 
Duration (years) 
<20 
20-29 
30 39 
>40 

p for trend 
Age at starting 
smoking (years) 

25 20 
16-19 
< 15 

p for trend 


1.3 <1.2-1.5) 

1.2 (0.9-1.7) 

1.2 <1.0-1.3) 

1.3 <1.2-1.5) 

Age, race, body-mass 
index, education, family 
history of colorectal 

1.4 (1.3-1.6) 

1.3 (1.0-1.8) 

1.2 (1.1-1.4) 

1.4 (t.3-1.6) 

cancers, exercise, aspirin 
and multivitamin use, 
intake of alcohol. 



1.3 (1.2-1.5) 

1.4 (1.2-1.6) 
J.3 (1.1-1.6) 

1.5 (1.3—1.8) 
0.03 

vegetables, high-fibre 
cereal products, and laity 
meats; hormone 
replacement therapy in 
women; no. of colon and 
rectal dancers not specified 


1.3 (1.1-1.5) 

1.3 (1.1-1.5) 

1.4 ( 1 . 2 - 1 . 6 ) 

1.5 (1.3-1.7) 
0.05 


1.1 (0.8-1.5) 

1.3 (1.1-1.6) 

1.4 (1.2-1.6) 
1.4 (1.3-1.6) 
0.24 


1.3 (1.2—1,5) 

1.4 ( 1 . 3 - 1 . 6 ) 

1.5 (1.3-1-7) 

0.02 


30063923C 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.7.2 (contd) 


Reference 
Country and 
years of study 

Cohort 

No. of subjects 

No. of deaths from 
cancer of colon or 
rectum/incident 
cancers 

Smoking categories 

Relative risks (95% Cl or p value) 

Colon cancer Rectal cancer 

Colorectal 

cancer 

Adjustment factors/ 
comments 

van Wa yen burg 
et al. (20<X» 
Netherlands 
]974-96 

Dutch Study 

20 555 women 

9S colorectal 
deaths 

Ever-smoker 



1.4 (0,9-2.2) 

Age, age at first birth, use 
of oral contraceptives, 

natural or artificial 

menopause, social class. 

body-mass index 

Terry trl at. 

(2001) 

Swedish Twin 
Registry Study 

318 colon, L80 
rectal cancers 

Former smoker 
Cigarette stnoker 

1.1 (0.8—1.5) 

1.0 (0.6-1.6) 

1.0 (0.8-1 .4) 

Age (5-year age groups), 
sex, body-mass index. 

Sweden 

1961-97 

1 O 945 pairs 


LighL smoker 
Moderate smokier 
Heavy smoker 

1.0 (0.7-1.5) 
1.0 (0.6-1.8) 
1.7 (0.4-7.0) 

0.9 (0.6—1.7) 

1 .2 (0.6—2.4) 

5.3 (1.9-15.0) 

1.0 (0.7— t ,3) 

1.1 (0.7-1.7) 

3.1 (1.4-7.1) 

physical activity 


Cl, confidence interval 



3006392310 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.70. Case-control studies on tobacco smoking and colorectal canr 

main characteristics of study design cer; 


Reference 
Country and 
years of study 

Williams <& 

Horni(1977j 

USA 

Early 1960s 

Dales elal, 
(1979) 

USA 

1973-76 


Tuynsclnf. 

(1982) 

France 

1973-80 

Vobecky 
«a/. (1983) 
Canada 
1965-76 


Jareb inski 
flat (1988, 
1989) 

Yugoslavia 

1984- 86 

Ferraroni 
era/. (1989) 
Italy 

1985- 88 

Peters el al. 
(1989) 

USA 

1974-82 


Mo. of cases and controls 


Men: 313 colon, 185 
rectum; women. 3 89 colon, 

154 rectum; and about 4700 
controls 

Men and women: 99 
colorectum cases and 280 
controls 


Men: 80 colon, 104 rectum 
and 923 controls; women: 
62 colon, 94 rectum and 
1053 controls 

Men: 103 colorectum and 
103 controls; women: 104 
colorectum and 104 
controls 

Men: 27 colon, 25 rcctume 
and 111 controls; women: 
15 colon, 26 rectum and 75 
controls 

1988: men. 97 colorectum 
and 97 controls: women; 87 
colorectum and 87 controls; 
1989: men: 56 rectum and 
112 controls; women: 42 
rectum arid 84 controls 
Men* V I colon, 170 
rectum and 1334 contrnls; 
women: 234 colon, 125 
rectnni and 610 controls 

Men: 106 colon, 41 rectum 
and 106 controls 


Data from the Thjrd National Cancel Survey 
persona] interviews 

Controls included patients with all other cancers, exelmj. 
‘tobacco-related cancers' (lung, larynx, oesophagus, ® 
bladder and oral cavity), 

Hospital-based study among African Americans in the w 
Francisco Bay Area 

Cases with colon cancer (72), rectosigmoid cancer ( 5 ) 
rectal cancer (22); response rate, 40% 

Controls were hospital patients matched 2:1 ( 189 ) an( j 
fmm multiphasic health check-ups matched 1:1 ( 91 ), :i || 
matched on age, sex and ethnicity; response rate, 50% 

Population-based study in Calvados 

Controls represented a random sample of254 of the total 

adult population, aged 2 20 years,; response rate, 75% 

Population-based study in St Laurent River Area 
Cases had 93% response rate. 

Controls randomly selected in area, individually matched 
1:1 by age and sex 

Hospital-based study in Aichi Cancer Centre 
Cases aged 40-70 years 
Controls were non-cancer patients 


Population- and hospital-based study in Belgrade 
Controls from case's neighbourhood (98) and hospital (98), 
individually matched by sex and age 


Hospital-bused study in northern Italy 

Cases aged <75 years 

Controls were cancer-free 

(all subjects included in D'Avanzoern/., 1995) 

Population-based study among young white men in Los 
Angeles County 

Cases aged 25-44 years; response rate, 63% 

Controls individually matched for neighbourhood, rare, 
sex, dale of birth; response rate, 63% 
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Table 2.1.73 (contd) 


Reference 
Country and 


No. of cases and controls 


Men: 79 colon, 60 rectum 
and 377 controls; women: 
53 colon, 31 rectum and 
201 contrnls 

Men: 1716 colon, 1611 
rectum and 16 600 controls 


Slattery el al. 
(1990) 

USA 

1979-83 

Chni & 
Kahyo(1991) 
Republic of 
Korea 
1986-90 


Men: 112 colon and 185 
controls; women: H9culon 
and 206 controls 


Men: 63 colon, 67 rectum, 
189 controls for colon 
cases, 201 controls for 
rectal eases 

Men: 202 colon, 186 
rectum;' women: 190 colon. 
137 rectum; and 727 
controls 


Hoshiyama Men: 37 colon, 61 rectum 
el al, (1993) and 343 controls; women: 
Japan 42 colon, 41 rectum and 

1934-90 310 controls 

Olsen 4 Mem 21 colorectum and 

Kronborg 156 controls; women 28 

(1993) colorectum and 206 

Denmark controls 


Population-based study in Aichi Cancer Centre among 
1776 patients receiving colonoscopy; response rate for 
cases, 86% 

Controls from telephone directories matched by sex, age 
(5-year groups) and municipality; response rate, 91 % 

Hospital-based study in Aichi Cancer Centre among 
patients receiving colonoscopy 
Cases with cancer of the colon (445 proximal, 765 distal, 
506 not specified), or rectum aged 1 26 years; response 
rate, 89% 

Controls with other cancers, excluding sites related to 
smoking (larynx, lung, pancreas, bladder) and alcohol 
consumption 

Population-based study in U uih 

Cases of primary cancer, histologically continued, aged 

40-79 years; response rate, 71% 

Controls selected by random-digit dialling; response rate, 
74% 

Hospital-based study in Korea Crnocr Centre 
Controls were cancer-free, matched 3:1 on birth years 
(+ 5 years), sex and admission date. 


Population-based study in Melbourne 

Incident, histologically confrined cases; response rale, 

62% 

Controls from communily, matched by age and sex; 
response rale, 71% 

Population-based study in Sailama Prefecture Incident 
cases aged 40 69 years 

Controls from general population; response rale, 28% 

Randomized control trial using Hemaoccutt II as screening 
test for colorectal cancer 
30 970 to screening and 30 968 to control group 
Cases tested positive fur Hemaoccult II icsi and 
colonoscopy, aged 45-74 years (mean, 66.7 years) 
Controls tested negative for Hemaoccult II test, matched lo 
cases on age and sex; mean age, 63.8 years 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.].7.3(contd) 



Reference 
Country and 
years of study 

No, oTcases and controls 

Comments 


Baron eta/. 

Men und women: 352 

Population-based study in Stockholm County 


(1994) 

colon, 217 rectum 

All cases diagnosed in the area during that period 


Sweden 

(262 men, 1507 women) and 

identified through the regional cancer registry; age. 


1986-88 

512 controls (236 men, 276 

40-79 years; response rate, 79% 



women) 

Controls from population register; response rate, 82% 

>■ 

Boutronir ill 

Men: 109 colorectum and 

Population-based study in a clinic in Cote d’Or 


(1995) 

159 controls: women: 62 

Cases aged 30-79 years; response rate, 80% 

1 

France 

colorectum and 150 

Controls selected from the 1975 census list; response rate. 


1985 

controls 

54% 

1 

D’Avaiwn et 

Men: 498 colon, 337 

Hospital-based study in northern Italy (Greater Milan and 

i 

al. (1995) 

rectum and 1863 controls; 

Pordenone Province) 

> 

Italy 

women: 457 colon, 252 

Cases aged 20-74 years; response rate, 95% 

i 

1985-91 
(see also 

rectum and 1016 controls 

Controls with a wide spectrum of acute non-malignant 
conditions, excluding diseases of the gastrointestinal tract 

i 

Ferraroiti 


or diseases related to coffee, alcohol or tobacco 


el at., 1989) 


consumption; response rate, 95% 


[none etal. 

Men and women: 94 

Hospital-based study in Aichi Cancer Centre; response rate 


(1995) 

proximal and 137 distal 

tor cases. 94% 


Japan 

colon, 201 rectum 

Controls were non-cancer outpatients on first hospital visit; 


1988-92 

(257 men, 175 women) and 
31 782 conirols (8621 men, 
23 161 women) 

response rate, 94% 


Kotakc et al 

Men and women: 187 

Hospital-based study in 10 hospitals 

| 

(1995) 

colon, 176 rectum 

Controls included cancer (94), non-cancer (56) and 


Japan 

(214 men, 149 women) and 

screening controls (21.1) individually matched by age and 

i 

1992-94 

363 controls 

sex 


Newcomb 

Women: 536 colon, 243 

Population-based study in Wisconsin 


etal. (1995) 
USA 

1990-91 

rectum and 2315 conirols 

Incident cases aged 30-74 years; response rate, 74% 
Controls randomly selected from driver’s licences and 
Health Care Financing Administration listings; response 
rate, 90% 


Siemiatycki 

Men: 505 colon, 

Study based in major hospitals in Montreal 

i 

etal. (1995) 

256 rectum and 1492 

Cases aged 35-70 years; response rate, 82% (including 


Canada 

controls 

next of kin) 

[ 

1979-85 


Controls selected among cancer patients (959) and from 
electoral lists (533); response rate, 72% 


Le Marchand 

Men: 698 colorectum and 

Population-based study among residents of Oahu, Hawaii 


?r o/. (1997) 

698 controls: women: 494 

Cases histologically confirmed, aged < 85 years; response 


USA 

colorectum and 494 

rate, 66% 


1987-92 

controls 

Controls individually matched on sex, ethnicity and age; 
response rate, 71% 
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Table 2.1.73 (contd) 

Referee No. of cases and controls Comments 


country and 
wart of study 

Slattery etal 

(1997) 

USA 

1991-94 

Men: 1097 colon and 1290 
controls; women: 892 colon 
and 1220 controls 

Population-based study in northern California, Utah and 
Minnesota 

Cases with first primary career, excluding rectosigmoid 
junction or rectum, aged 30-79 years; response rate, 76% 
Controls selected by random-digit dialling, Health Care 
Financing Administration and drivers’ licence listings; 
response rate, 64% 

Yamadaniof. 

(1997) 

Japan 

1991-93 

Men: 108 cancers in situ, 

55 colorectum; women: 21 
cancers in situ, 11 
colorectum; and 390 
cunLruls 

Study based on a multiphasic health check-up in Tokyo 
Cases and controls selected among 79 082 persons 
receiving a faecal occult blood test 

Controls with no history of colorectal cancer or 
inflammatory bowel disease, matched 2:1 on sex, age and 
history of prior health check-up 

Ghadirian 

eiaUWt) 

Cinada 

1989-93 

Men: 20U colon and '239 
controls; women:202 colon 
and 429 controls 

Population-based study in Greater Montreal 

Cases selected hum five teaching hospitals, aged 35-79; 
response rate, 60% 

Controls selected by random-digit dialling, marched by 
age, sex, place of residence and language; response rate, 
50% 

tavaui et al. 
(1998) 

Italy 

1991-96 

Men: 688 colon, 437 
rectum and 2073 controls; 
women: 537 colon, 219 
rectum and 2081 controls 

Hospital-based study in six centres in northern Italy 

Cases aged < 75 years 

Controls were non-cancer patients 

Response rate for cases and controls, > 95% 

Nisko at al. 
(5000) 

Gerauny 

1993-96 

Men: 126 colorectum 3nd 

100 controls; women: 76 
colorectum and 134 
controls 

Hospital-based study among patients undergoing 
colonoscopy 

Cases aged > 40 years 

Controls were polyp-free patients 

Chiu et al. 

(20011 

USA 

1986-89 

Men: 317 colon, 362 
rectum and 1503 controls; 
women: 338 colon, 267 
rectum and 833 controls 

Population-based study in Iowa 

Incident cases, histologically confirmed; aged 40-85 years; 
response rate, 86% 

Controls selected from driver’s licence and Health Care 
Financing Administration listings, frequency-matched by 
sex and age; response rate, 80% 

Lam el al. 
(2001) 

Kong Kong 

SAR 

1997-99 

Men; 636 colorectum; 
women; 563 colorectum; 
and 13 054 controls 

Mortality study among 27 507 cancer deaths 

Cases aged > 35 years; information retrieved from next of 
kin; response rate, 81% 

Controls were relatives of cases or other informants. 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2 .] . 7 , 4 . Case-control studies on tobacco smoking and colorectal cancer 


Reference 
Country and 
years of study 


Williams & 
Horm (1977) 
USA 

Early 1960s 


Dales et al. 
(1979) 

USA 
I 973-76 
Tuyns et al. 
(1982) 

France 
1973-80 
Vohecky al. 
(1983) 

Canada 

L965-76 


Smoking variables 


Pack years 
Men 
< 20 
20—40 
;> 40 
Women 
< 20 
20-40 
> 40 

Bver-smoker 


Current smoker 


Men 

Former smoker 
Current smoker 
Women 

Former smoker 
Current smoker 


Odds ratio (95% Cl orp value) 


Colon 


Rectum 


0.7 (p < 0.05) 

0.7 

0.8 

1.2 
0.9 
0,7 


1.0 (0.4^2.7) 


0.5 (p >0.05) 
2.0 (p^ 0.05) 

Not available 

1 -3 O > 0.05) 


1.6 0»< 0.05) 

t.S 


0.8 

0.7 

0.9 


1.1 (0.4-2.6) 


0.2 ip = 0.03) 
l .4 (p > 0.05) 

Not available 
l.0(p >0.05) 


58% cases versus 
58*24 controls 


Table 2 . 1 . 7.4 (contd) 


Reference 

Smoking variables 

Odds ratio (95% Cl or p value) 


Country and 
years of study 


Colon 

Rectum 

Coloreetum 

I'ajima & 

Ever-smoker 

0.6 

1.0 


Tominaga (1985) 

Pack—years 




Japan 

<30 

0.3 

1.1 


1981-83 

30 

0,8 

0.9 



Age at starting smoking 
(years) 

<20 

0.2 

0.8 



> 20 

0.7 

1.2 


Jarebinski et al. 

Cigarettes/day (current 


N r H f 

N H 

(1988. 1989) 

smokers only) 




Yugoslavia 

1-14 


0.7 1.0 

0.6 0.7 

1984-86 

15-24 


1.3 1.0 

1.1 1.2 


S25 


1.3 1.8 

1.5 1.3 


Duration (years) 

(former + current smokers) 





1-30 


1.0 1.0 

1.0 1.0 


> 31 


2.7 2.3 

2.0 1.5 




AM /?> 0.05 

All p >0.05 

Ferraroni et al. 

Former smoker 

0.7 

0.9 


( 1 989) (see also 

Cigarettes/day 




L>’ Avan^o et al. 

c 15 

0.7 

0.7 


1995) 

15-24 

0.8 

0.8 


Italy 

>25 

0.8 

t. 1 


1985-88 

p for trend 

> 0.05 

> 0.05 


Peters et af. 

Former smoker 

0.6 (0.3-1.3) 

0.7 (0.3-1.8) 

0.7 (0.4-1.4) 

(1989) 

Pack/day 




USA 

< I 

0.4 (0.2-1.0) 

0.9 (0-3-2.5) 

0.7 (0.3-1.4) 

1974-82 

> 2 

l.l (0.5-2.1) 

0.5 (0.2-1.5) 

0.9 (0.4-J.S) 



Variables adjusted tor and other 
comments 


Age. race 


Crude percentages 


Age, sex. Risks were non-significantly 
increased with alcohol intake. 44% of 
controls were younger than cases. 


O 

o 


< 

o 


Age. sex, city. Alcohol was not a risk 
factor for colon cahcer but Was for rectal 
cancer in men (not significant); 
information and selection bias 



Variables adjusted for and other 
comments 


Age, education. All odds ratios were 
non—significant 


Age, sex. Adjusted for ci garottes/day 
and duration, respectively. Extent of 
overlap of subjects unknown 
*N, neighbourhood controls; H. hospital 
controls 


2 

O 

7 *. 


Age, sex.cducation, marital status, 
coffee and alcohol consumption 


Age and education. Effect for alcohol 
consumption only with > 70 g.-’day 


3006392313 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.7.4 (contd) 


Reference Smoking variables 

Country and 
years of study 


Kato et at. 

Former smoker 

(1990a) 

Current smoker 

Japan 


1986-90 


Kaio et al. 

Current smoker 

(1990b) 


Japan 


1979-87 



Slattery et al. 

Men 

(1990) 

Any tobacco 

USA 

Cigar eites/day 

1979-83 

1 — 16 

17-20 
> 20 

P for trend 
Women 

Current smoker 
Cigar eties/day 
1-16 

17-20 

>20 

p for trend 

Men 


Cigarette smoke 


Odds ratio (95% Cl or p value) 

Colon Rectum Colorectum 


Variables adjusted for and other 
comments 


11 (0.6-2.1) 

1-5 (0,7-3.4) 

Sex, age, residence; not adjusted for 

0.6 (0.3-1.1) 

1.4 (0.7-3.0) 

alcohol. Increased risk for colon and 
rectal cancer with former, but not 
current drinking 

Proximal 

0.9.(0.8—1.1) 

Age 

0.7 (0.6-0.9) 


Approximately 50% of control subjects 

Distal 


had stomach cancer. 

0.8 (0.7-1.0) 

All 

0.8 (0.7-0.9) 


No adjustments 

1.7 (1.0-2.8) 


No effect of alcohol, but an effect of 
coffee intake 

1,2 (0.6—2.4) 

1.4 (0.8—2.6) 
2.0(1.0-3.9) 
0,04 



1.2 (0,7—2.2) 



0,8 (0.3-1.8) 

2.0 (0.8—4.7) 

1.5 (0.5—4.8) 
0.24 


Age, body-mass index, calories, crude 

1.3 (0.8-2.3) 


fibre intake 


Table 2.1.7.4 (contd) 


Reference 
Country and 
years of study 

Smoking variables 

Odds ratio (95% Cl or _p value) 


Variables adjusted for and other 

Colon 

Rectum 

Colorectum 

comments 

Choi & Kahyo 

Former smoker 

0.6 (0.2-1.7) 

1.4 (0.5-3.3) 



(1991) 

Current smoker 

0,8 (0.4-1.6) 

0.7 (04-1.5) 


alcohol intake 

Republic of 

Ci gareil es/day 





Korea 

1-20 

0.7 (0.3-1.3) 

0.7 (0.3-1.4) 



1986-90 

21—40 

1.4 (0.5-4.0) 

1.3 (0.5-3.1) 




> 40 

- 

0.4(0.1-3.8) 




Duration (years) 






1-19 

1.1 (0.4-3.3) 

1.2 (0.5—2.9) 




20-39 

0.7 (0,3-1.6) 

0.7 (0,3-1.4) 




2: 40 

0.6 (0.3-1.6) 

1.0 (0.4—2.8) 




Age at starting smoking 






(years) 






> 25 

1.0 (0.4-2.5) 

1.6 (0.7-3.9) 




18-24 

0.8 (0.4-1.6) 

0.6 (0.2—1.3) 




<1 8 

0.6 (0.2-17) 

t 1 (0.4—3.5) 




Years of cessation 






1-4 

1.1 (0.2-5.9) 

2.8 (0.9-9.1) 




5-9 

- 

1-3 (0.3—5.3) 




> 10 

1.6 (0.5-4.9) 

1.6 (0.5-5.7) 



Kune et al. 

Men 




Age. alcohol, dietary factors. Only 


Former smoker 

1.0 

1.2 

1.1 

significant increased risk with 

Australia 

Ever-smoker 

0.9 

1.1 

1.0 

combination of hand-rolled and ready- 

1980—81 

Current smoker 

0.7 

1.0 

0.9 

made cigarettes. No significant 






association with pack—years or 


Former smoker 

0.7 

0.6 

0.7 

cigarettes/duy 


Ever-smoker 

0.7 

0.7 

0.8 



Current smoker 

0.8 

0.9 

0.8 



£ 

—i 

3006392314 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.7.4 (contd) 


Reference 
flounlTy and 
years of study 

Smoking variables 

Odds ratio (95% Cl or p value) 

Colon 

Rectum 

Inoue et at. 

Nonsmoker versus ever- 



(1995| 

smoker 

Proximal 


Japan 

Men 

0.7 (0.4-1.4) 

1.9(1.1-3.2) 

1988-92 

Women 

0.9 (0.4-2.4) 

1.7 (1.0-3.1) 



Distal 



Men 

1.0 (0.6-1.7) 



Women 

1.1 (0.6-2.3) 


Kotake et at. 

Current smoker 

1.3 (0.3-5.2) 

1.4 (0.3—6.8) 

(1995) 

> 20 pack-years 

0.8 (0.2-2.8) 

2.7 (0.9—8.3) 

Japan 




1992-94 




Newcomb et at. 

Former smoker 

1.2 (1.0-1.6) 

1.3 (0.9—t .8) 

(1995) 

Ever-smoker 

1.3 (1.0-1.6) 

1 -4 (1.1—J .9) 

USA 

Current smoker 

1.3(1.0-1.8) 

1.7 (1.2-2.4) 

1990—91 

Cigarettes/day 




< to 

1.2 (0.9-1.5) 

1.3 (0.9-1.9) 


1 1 20 

1.4 (1.0-1.8) 

1.6 (t. 1-2.3) 


21-30 

1 .2 (0.7—2-1) 

1.3 (0.6—2.7) 


> 30 

1.7(1.0-2.8) 

1.6 (0.8-3.2) 


p for trend 

0.01 

0.02 


Duration (years) 




1-20 

1.1 (0.8-1-5) 

1.1 (0.7-1.7) 


21—30 

1.1 (0.7-1.6) 

1.0 (0.6-1.8) 


31-40 

1.7(1.2-2.3) 

1.5 (O.y-2.3) 


>40 

1.4 (0.9-1.9) 

2.2 (1.4-3.5) 


p for trend 

0.005 

< 0.001 


Colored urn 


Variables adjusted for and other 
comments 


Age. No association with alcohol 

consumption 


Age, sex. Potential for selection bias of 
control groups 


Age, body-mass index, consumption of 
beer, wine and spirits, family history of 
cancer, sigmoidoscopy biopsy. Trends 
for amount smoked, age at start or time 
since cessation not significant after 
adjusting for duration. Increased risk 
mainly for cancer of (eli colon and not 
right colon 



Table 2. 1.7.4 (contd) 


Reference 
Country and 

years of study 

Smoking variable* 

Odds ratio (95% Cl or p value) 

Colon Rectum 

Colorectum 

Variables adjusted for and other comments 

Newcomb et ai. 

Age? at start ins smoking 





(1995) (contd) 

(years) 






> 30 

1.4 (0.9—2.2) 

0.6 <0.4-1.5) 




26-30 

0.8 (0.5-3,5) 

1.1 (0.6—2.0) 




21-25 

1.3 (1.0-1.9) 

1.9 (l.3-2.9) 




£20 

1.4 (1.0-1.8) 

1.5 (1.1-2.2) 




p for trend 

0.02 

0.002 




Years of cessation 






>20 

l.l (0.8-1.7) 

1.3 (0.8-2.2) 




11-20 

1.3 (0.9-1.9) 

1.0 (0.5-1.8) 




1-10 

1.3 (0.9-1.9) 

1.4 (0.9-2.3) 




Current smoker 

1.3 (1.0-1.8) 

1.7 (1.2-2.4) 




p for trend 

0.02 

0.004 



Siemiatycki 

Ever-smaker 

1.0 (0.8-1.4) 

1.1 (0.7-1.6) 


Age, ethnic group, social class, blue 

et at. (1995) 

Cigarette-years 




collar/white collar dirtiness score. 

Canada 

1-500 

1.2 (0.8-1.8) 

1.1 (0.7 1.8) 


consumption of coffee, alcohol and (3-carolt:ne 

1979-85 

501-1000 

1.1 (0.8-1.6) 

1.1 (0.7-1.8) 




1001-1500 

0.9 (0.6-1.3) 

0.9 (0.5-1.4) 




> 1501 

0.9 (0.6-1.5) 

1.1 (0.6-1.9) 



Le Marcliand 


Right colon 

Left colon 

Rectum 

Age, family history of colorectal cancer. 

et at. (1997) 

Men 

(» = 197) 

{rt — 270) 

(n = 221) 

alcohol, physical activity, body-mass index. 

USA 

Fortner smoker 

i.O (0.5-1.9) 

1.4 (0.9—2.4) 

1.4 (0.8—2.3) 

intake of eggs, dietary fibre, calcium, calorics. 

1987—92 

Current smoker 

0.7 (0,3-1.6) 

0.9 <0.4-1.9) 

0.8 (0 4-1.8) 

Tertile cuts differed for men and women. 


Pack—years 




Interquartile range was 0—39 pack—years In 


Tertile 1 

1.0 

1.0 

1.0 

men and 0—28 in women. 


Tertile 2 

1.1 (0.6—2.2) 

0.9 (0.5-1.6) 

1.2 (0.7-2.1) 



Tertile .3 

0.8 (0.4-1.6) 

2.0 <1.1-3.5) 

l .3 (0.7-2.5) 





p = 0.006 

p = 0.4 l 



Women 

(« = 164) 

(n = 194) 

<ff = 129) 



Former smoker 

2.4 (1.0-5.6) 

1-1 (0.6—2.0) 

1.6 (0.7-3.4) 



Current smoker 

1.1 (0.4-2.6) 

0.7 (0.3-1.5) 

1.4 (0.5- 3.7) 



3006392316 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.7.4 (contd) 


Reference 
Country and 
years of study 

Smoking variables 

Odds ralio (95% Cl or p value) 


Variables adjusted for and other comments 

Colon 

Rectum 

Colorectum 


Le Marchand 

Pack-years 





eta!A 1997) 

Terlile 1 

1.0 

1.0 

1.0 


(comet) 

Tortile 2 

2.1 (0.9- 5.1) 

0.5 (0.3—t .2) 

1.5 (0.5—4.4) 



Tertile 3 

1.6 (0.7-3.6) 

1.3 (0.7-2.5) 

1.5 (0.7-3.0) 




p = 0.47 

p = 0.41 

p = 0.35 


Slattery el ui. 

Men 




Age, body-mass index, activity, intake of 

(1997) 

Ever-smoker 

1.3 (J. 1-1.5) 



energy, fibre and calcium, family history of 

USA 

Cigarettes/da is 




cancer, non-steroidal anti-iiiflammaiory 

1991-94 

^ 10 

1 .0 (0.8-1,4) 



drugs, Cigareites/day and years smoked were 


1 1-20 

1.2 (0.9-1.7) 



mutually adjusted. No consistent differences 


> 20 

1.5 (1.1-1.8) 



between colon subsites. 


Duration /years) 




(Identical values of relative risk und 


< 15 

0.8 <0.6-1.0 



confidence intervals for pack-years in men 


15 34 

1.1 (0.9-1.5) 



and women] 


> 35 

0.9 (0.7-1.2) 





Pack—years 






< 20 

1.1 (0.9-1.4) 





21—35 

1.3 (1.0-1.7) 





>35 

1.4 (1.1-1.7) 





Age at starting smoking 






(years) 






< 16 

1.3 (1.0-1.6) 





17-20 

1.4 (1.1-1.7) 





> 20 

.1.1 (0.8-1.5) 





Years of cessation 






> 15 

1.3 (].0-1.6) 





1 1-14 

1.4 (1.0-2.1 > 





5—10 

1.3 (1.0-1.S) 





Current smoker 

1.2 (0.9-U5) 





Women 






Ever-smoter 

1.1 (0.9-1.3) 



_i_. 

i 

Table 2 .1.7.4 (contd) 

Reference 

Smoking variables 

Odds ratio (95% Cl or p value) 


Variables adjusted for and other comments 

Country and 



--- 

- - -- 


years of study 


Colon 

Rectum 

Colorectum 



Slattery et a !. 
(1997) (contd) 


C igarettes/day 
< 10 

1.1 (0.7-1.5) 

1 1-20 

1.0 (0.7-1.6) 

>20 

1.5 (0.9—2.4) 

Duration (years) 
c 15 

0.9 (0.6-1.2) 

15-34 

0.9 (0.7-1.3) 

> 35 

0.9 (0.6—1,3) 

Pack—years 
<20 

1.1 (0.9-1.4) 

21-35 

1.3 (1.0-1.7) 

>35 

1.4 (1.1-1.7) 

Age at starting smoking 
(years) 

< 16 

1.2 (0.9-1.7) 

17-20 

1.1 (0.8-1.3) 

> 20 

l.l <0.8-1.5) 

Years of cessation 

2 15 

1.0 (0.7-1.2) 

1 1-14 

1 .4 (0 8-2.3) 

5-10 

1-5 (1.0-2.1) 

Current smoker 

1.1 (0.8-1.4) 


3006392317 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 2.1.7.4 (contd) 


Reference 

Smoking variables 

Odds ratio (95% Cl or p value) 


Variables adjusted for and other commenis 

years of study 


Colon 

Rectum 

Colorectum 


Yamada et al. 

Pack-years 


Cancer in situ 

Cancer 

Gender, age, body mass index, cumulative 




1 A (0.7-2.7) 

0.8 (0.3-2.2) 

alcohol consumption. Current alcohol intake 




2.8 (1.4-5.4) 

1.2 (0.5-3.0) 

associated with small increased risk for 


> 41 


2.5 (1.3-5.1) 

2.6 (0.9-7.1) 

colorectal cancer ip for trend = 0.09). but not 


p for trend 


0.006 

0.02 



Cigarettes/day 






Past 


1.0 (0.5-1.9) 

1.8 (0.7—4.4) 



Current: 1-15 


2.2 (1.0—4.6) 

1.2 (0.4-3.8) 



16-30 


2.6 (1.3-5.1) 

0.8 (0.3-2.!) 



> 31 


3.1 (1.3-7.5) 

2.4 (0.7-8.6) 



p for trend 


0,006 

0.8 



Pack-years 






Within past 20 years 






t—l 5 


1.3 (0.7—2.4) 

1.1 (0.5-2.7) 



16-30 


2.2 (1.2—4.1) 

1.2 (0.5—2.9) 



£ 31 


3.7 (1.6-8.5) 

2.9 (0.9-9.4) 



p for trend 


0.0003 

0.1 



Until 20 years ago 






1-15 


1.2 (0.7-2.0) 

1.0 (0.4-2.4) 



16—30 


2.1 (1.0-4.0) 

3.4 (1.2-9.2) 



£31 


0.7 (0.3—2.0) 

5.0 (1.3-18.3) 



p For trend 


0.9 

0.005 


Ghadirian et al. 

Ever-smoker 




Age, sex, marital status, family history of 

Canada 

Any tobacco 

Cigarettes 

1.0 (0.7-1.3) 

1.0 (0.7-1.3) 



colon cancer. Matching not clearly reported 

1989-93 




i 







_a..^ 

Table 2.1.7.4 (contd) 

Reference 

Smoking variables 

Odds ratio (95% Cl or p value) 


Variables adjusted for and other comments 

Country and 





- 

years of study 


Colon 

Rectum 

Colorectum 


Tavani et al. 

Former smoker 

1.0 (0.9-1.2) 

1.1 (0.9-1.4) 


Centre, age, sex, education, body-mass index. 

(1998) 

Current smoker 

Q.S (0.7-1.0) 

0.7 (0.6—0.9) 


alcohol ond energy intake, consumption of 

Italy 

Cigarettes/day 




vegetables and coffee, meals/day, physical 

1991-96 

< 15 

0.8 (0.6—1.0) 

0.6 (0.5—0.9) 


activity, family history of cancer. No 


15-24 

0.8 (0.6-1.0) 

0.8 (0.6-1.1) 


association in analysis by colon subsites 


> 25 

0.9 (0.6-1.3) 

0.9 (0.6-1.4) 




Duration (years) 






< 20 

1.1 (0.8—1.3) 

1.1 (0.8-1.4) 




20-29 

0.9 (0.8—1.2) 

0.8 (0.6-1.0) 




30-39 

0.9 (0.7-1.1) 

0.9(0.7-1.1) 




£ 40 

0.8 (0.6—1.0) 

0.9 (0.7-1.1) 




p for trend 

<0.05 

> 0.05 




Pack—years 






< 20 

0.9 (0.8-1.1) 

0.9 (0.7-1.1) 




20-39 

0.9 (0.7-1.1) 

1.0 (0.8-1.2) 




£40 

0.9 (0.7-1.2) 

0.9 (0.7-1.2) 




Age at starting smoking 






(years) 






< 18 

1.0 (0.8-1.3) 

1.0 (0.8-1.3) 




18-20 

0.9 (0.7—1.1) 

0.9 (0.7-1.1) 




£ 21 

0.8 (0.6-1.0) 

0.8 (0.6-1.1) 




Years si nee starting 






< 30 

0.9 (0.7-1,1) 

0.7 (0.5-1.0) 




30-39 

0.9 (0.7-1.1) 

0.8 (0.6-1.1) 




£ 40 

0.9 (0.8-1.1) 

l.l (0.8-1.3) 




Years since cessation 






< 10 

1.0 (0.8—1.3) 

1.1 (0.8-1.5) 




> 10 

1.0 (0.8-1.3) 

l.l (0.9-1.4) 




§ 


5 

3 



o 

CO 


O 

tn 


3006392318 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 2.1.7.5. Tobacco smoking and risk of colorectal polyps 


Reference 
Country and 
years of study 

population 

Case patients 

(M. F) 

Polyp-free patients 
(M, F) 

Smoking categories 

HulT et ai. 

40D individuals 

V0 (55 M. 35 F) 

69 (32 M, 37 F) 

Duration (years) 

{I9&7) 

randomly selected 

adenomas and/or 

Men 

Norway 

lrobi population 

hyperplastic polyps 


Women 


registry, aged 50-59 
years; 324 (Bl%) 
underwent sigmoi - 
iloscopy. 

71 (SO M.21 F) 
adenomas and/or 
hyperplastic polyps 

38 (23 M. 15 F) 

Age at atari (yearsi 
Men 

Women 

Demers ei ai. 

1 380 male aerospace 

246 polyps, including 

1 134 

Ever-stnokcr 

( 1988) 

workers screened for 

94 adenomatous 


Adenomatous poly 

USA 

1 08 1 —RiS 

colorectal cancer by 
sigmo id oscopy 

polyps 


Any polyp 

Sterarae rmann 

American Men of 

79 adenomatous 

84 


#r«/.<19SS) 

USA 
a966-83 

Japanese Ancestry 

Study 

163 deaths with 
detailed autopsy of the 

colon 

polyps 


Evcr-srnoker 

Current smoker 

Kikendall 

204 patients referred 

98 adenomas or 

87 

Cigareties/dav 

el ai. (1989) 
USA 

L984-87 

for colonoscopy; 

185 with complete 
colonoscopy, 
adequate biopsy and 

smoking history 

aderuyearc i no mas 


1-19 

>20 

Pack—yean 

1-19 

20-39 

>40 

Years since quitting 
>2 
<2 


Relative risk Cl) Adjustment law Kira, comments 


Cases vs non-eases 

31.3 ± 1.7 vs 17.3 ±2.8; /» < O.IJI 

17.6 ±2.8 vs 8.9 ± 2.2s p < 0,05 

1 7.0 ± 0.6 vs 19.Cl + 1.2; p > O.I>5 
23.1 ± 1 .9 vs 27.7 ± 2.3; p -- 0.05 


Crude analysis. No significant 
differences in risk according i<~> 
amount smoked daily 


Adjusted for age 

1-7(13-2 3) 

1.5 (1.2-1.8) 


Cases vs non-cases 
32.1 vs 30.7;/> «= 0.74 
I 3.2 vs l2,?;/»=0.70 


Adjusted for age. sex and beer 

2.0 (1.1-3.2) consumption (number of cases anti 

4.2 (1.7-10.3) non-cases not clear; sex distribution 

not reported] 

1.5(1.1-2.0) 

2.2 (1.3-3.9) 

3.3 (1.4—7.8) 

1.2 

2.8 



Table 2.1.7.5 (confd) 


Reference Initial study Case patients 

Country and population (M. P) 

years of study 


Kato at a/. 

2052 patients 

525 adenomas* 

( 1990b) 

undergoing 

163 proximal 

Japan 

colonoscopy; 

(124 M. 3V F) 

1986—90 

1776 (87%) 

35 1 distal 


responded to postal 

(219 M. 132 F) 


questionnaire. 

1 18 rectum 
(80 M. 38 P) 

Kano et ai 

1348 male self- 

86 adenomatous 

(1990) 

defence officials aged 

polyps of sigmoid 

Japan 

49-56 years. 

colon 

1986-88 

undergoing 
colonoscopy fi»r 
health check-up 


Cope et at. 

152 patients 

66 (36 M. 30 F) 

(1991) 

undergoing routine 

adenomatous polyps 

UK 

colonoscopy 


Polyp-free patients Smoking categories Relative risk (95% Cl) Adjustment factors, comments 

(k-t. F) 


57g <377 M, 


Proximal colon 

Adjusted lor age, sex and residence 

201 K) selected 

Former smoker 

t .03 (0.6-1.9) 

’inconsistency between total number 

through telephone 

Current smoker 

0.8 <0.4-1.3) 

of adenomas and lumbers at specific 

directories; 


Distal colon 


91% responded to 

Former smoker 

0.0 (0.6-1.5) 


postal 

Current smoker 

0.B <0.6—1.3) 


t|iKi>ii on uairr 


Rectum 



Former smoker 

0.95 (0.5-1.9) 



Currenl smoker 

1.1 (0.6—2.0) 


1184 

Pack-years 


Adjusted for rank, alcohol anil rtce 


< 20 

0.8 (0.4-1.6) 

consum ption 


i 20—^ 40 

0.9 (O.S-1.6) 



>40 

0.8 (0,4-1.7) 


86 (38 M, 48 F) 

Non s moker/non -d ri nker 

1.0 

Adjusted for age and sex; eulegorifS 


Smoker/non-dr inker 

2.1 (0.5—R.3) 

refer to current alcohol drinkers 


Non s mokcr/d ri n ker 

3-0(1.1-8.2) 

and/or smokers. 


S mokcr/drin ker 

12.7 (3.0-S3.-4) 



3006392320 
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Table 2.1.7.5 (contd) 


Reference Initial Study Case pahents 

Country and population (M, F) 

years of study 


Monnet el at. 302 male inpatients or 1<>3 adenoma; 

<1991) outpatients referred 

France for colonoscopy, 

1983-87 211 (70%) responded 

lo survey by phone or 


Po!yp-fr« p.Hcnu Smoklnncu^ri., R=u,iv« rt.u(<W.ni) *4j.»lm«nr ficl.li,, tommems 


• OS Foimcr smoker 

Evcr-smnkcr 
Curretii A moke r 
C igarettes/ttov 
1-9 
10-19 
» 19 

p for trend 
Duration fyears) 
1-19 

> 19 

p for weird 
Pack—vears 
1-19 

> 19 

p for trend 

Years of cassation 

> 10 
< II) 


2.7(1.3-5.7) Adjusted tor age; d i agues is of 

2.2 (1,1—4.4) adenoma confirmed by biopsy 

1.9 (0.9-4.0) ' 

1-5 <0.6-3.9) 

2.0 (1.0—4.3) 

3.4 (1.5-7.9) 

< 0.02 

1.3 (0.5-3.6) 

2.5 (1.3 -4.9 > 

< 0.02 

1.4 (0.6—3.0) 

3.0 (1.5—6.)) 

<■ 0.004 

2.2 (0.9-5.3) 

3.2 tl.3-7.7) 



Table 2.1.7.5 (contd) 


Reference 
Country and 
years of study 


Zalim era/. 
(3991) 

USA 

1-981-83 


Initial study 
population 


1465 while male 
pattern makers 
examined by flexible 
sigmoidoscopy; 48% 

completed 

questionnaire; 549 
with smoking bistory 


Hon jo el at. 

(1992) 

1989-90 


1296 male self- 
defence officials aged 
48—54 years, 

1203 received routine 
colonoscopy. 


Knno ct at. Combined data from 

(P990);Honjo both studies 

et at. < 1992) 202 polyps with 

Japan .information on size 


Cose patients Polyp-free patients Smoking categories Relative risk (95% Cl) 

(M.F> (M. F) 


76 polyps 470 

(adenomatous, 
hyperplastic or other 
not specified) 


I 16 adenomatous 930 

polyps in sigmoid 

colon 


Adenomas 21 14 

86 small (< 5mm) 

72 large 5 mm) 


Former smoker 

l.-l t-2 ■=) 


Ever-smokcr 

1. ' ' 1 -> 


Current smoker 

2.r i.j-H . i 


Cigar el fes/c Jay 
£ 19 

5--- . 5-12.1) 


20-39 

i.:.i 


> 40 

S ' . .• 


p for trend 

0.0 ' 


Duration (years) 

<. 10 

Not -■ lilahle 


1 1-25 

3.3 i ! 5-8.3) 


a 26 

2.8 i l —5.5) 


p for Trend 



Pack—years 

5 20 

2.4 (0.9-6.4) 


2 l-4l> 

4.5 (2.2-9 4) 


5 41 

2.1 (I.0-4.S) 


p for trend 

0.0014 


Former smoker 

2.2 (1.1-4.3) 


Current smoker 
Cigarettet/cluj • 

<25 

3.3 (L.8-6.3) 


2 25 

2.8 (1.3-5.9) 


Pack-years 
< 20 

2.3 (1.1-4.6) 


20—=40 

2.9 (1.5-5.4) 


> 4D 

3.2(1,6-6.J) 


Pack—years 

Small 

Large 

< 2t) 

1.5 <0.7—3.3) 

1.7 <0. 

20-< 40 

2.1 cl. 1-4.1) 

1.7 (O. 

2 40 

2.5 (t .2-5.3) 

1.4 (O. 


Adjustment liielttrs, comments 


Adjusted for age and alcohol 
consumption; relative risks available 
for former smokers hy number of . 
cigareites per day, years of smoking 
and pack-years, and for farmer and 
current smokers according to duration 
of employment 


Adjusted for alcohol drinking, olTiciul 
rank and body-muss index 


Adjusted for alcohol intake, official 
rank and body-mass index 


CTS 
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Table 2.1,7.5 (contd) 


Reference Initial study 

Country and population 

years of study 


Cose patients 
(M, F) 


Smoking ca ie 6 o,fc s Relative risk (95% Cl) 


Adjustment factors, comments 


Lee etal 
(l«93) 
USA 
1986-Hg 


2879 patients referred 
for colonoscopy 
beyond splenic 
flexure, aged 35-84 
years; J X92 (81%) 
interviesved 


3I>3 polyps 

271 (153 M. US F). 

with smoking data 


S09 

457 (202 M, 
255 F) with 
smoking dau 


Olsen & 

Kronborg 

(1993) 

Denmark 

1986 


Sandler el al. 
(1993) 

USA 

198R-9J 


20672 individuals 
randomly selected for 

Haemneculi 11 

screening test; 397 
(85%) with positive 
lest had complete 
colonoscopy. 

2694 patients 
undergoing 
colonoscopy, aged 
2 30 years; 

645 eligible with 
reliable interviews 


171 polyps (57 M, 
114 F) 


236(105 M, 131 F) 
adenomatous polyps, 
including 39 
adenomatous and 
Hyperplastic polyps 


362 (I 57 M, 
205 F) 


409(165 M, 

244 F), including 
46 with hyper¬ 
plastic polyps 


Pack—years 
£ 10 

> lO—<40 
>40 

p for trend 
Pack—vcars 
Z 7-5 

> 7.5-£ 30 

> 30 

p for trend 
Former smoker 
f urrem smoker 
Duration (yearnj 
.!• 19 ’ 

20-39 

2:40 


Evcr-smoker 
Evei^smoker’ 
Cigareues/day 
l-IO 
I 1-20 
£ 21 

Pack-years 
1-20 
21-40 
a 4i 


Men 

1 0 (C)-S-J .9) 
1.8 (0.3 -3.3) 
2.2(f.2-3.8) 
<>.002 
Women 
0.9 (0-5-1.8} 
1.2 (0 6-2.1) 

1.4 (0.8—2.5) 
>O.OS 

2.1 (1.1-351) 

2.0(1.1-3.5) 

2.1 (O.fl-5.6) 
2.0 (1.1-3.6) 
2.7 (1.6—4.7) 


Adjusted fbr age. 

Significant trend by intensity 0 f 
smirking for righi side colon, severe 
atypia. multiplicity and polyps & I 0 
mm 


Adjusted tor ago, sea nnd 
consumption of dietary fibre, eofl'ee, 
tea and alcohol. Control were 
participants with negative screening 
test result. 


1.1 6 ) 
1.2. -1.7) 



Adjusted for age and sex. 

’Excluding controls with hyperplastic 
polyps. Similar results in men and 

women. Little change in results after 
adjusting for alcohol consumption 
No difference between cases and 
controls fbr age at start, mean number 
of cigarettes per day, mean years ©f 
smoking and mean pack-years hy sex. 
Np differstice between cver-sitroker, 

former smoker and current smoker 





Table 2.1.7.5 (contd) 


Reference Initial study Case patients 

Country and population (M, F) 

years of study 


Giavnnnucci 
etaL (1994a) 
USA 
1 98(3-90 
(see also 

Kearney et a}., 

1995) 


Nurses’ Health 
Study 

12 143 women 
undergoing endoscopy 
(primarily sigmoido¬ 
scopy) 


564 prevalent and 

incident 

adenomatous polyps 
of distal colon and 
rectum 


Polyp-free patients 

(M.n 


Giovannucci 
end. (I994b> 
USA 
19R6-92 
(see also 
Kcamey til at., 
1995) 


Health Professionals 
Fol low-up Study 
12 854 men 

undergoing endoscopy 

(primarily 

sigmoidoscopy) 


499 prevalent 
adenomatous polyps 
of distal colon and 
mclum 


Smoking calorics Rehtti v C risk (95% C’l) Adjustment Rtetors. comments 


Current smoker 

Pack-years 

1-9 

10—19 

20-29 

30 39 

£40 

p for trend 


Current Smoker 
Pack—years 
1-9 
10-19 

20-29 

30-39 

£40 

p for trend 

Pack-years > 20 years 

ago 

I —4 

5-9 
10-15 
£ 16 

p for trend 


2.1 <1.7-2.6) 

».? <*>.<*-].7) 

1. r ') 

I<•• >.•< :.<> 

2. V < ’ ' J > 

2.4(1 

< " 9001 


1.6 < 1.2-2.1) 

I 5(1.1-? '» 

17 * I, u I .' I 


Adjusted fbr age, intake of dietary fat. 
Fihrc. fblale and alcnhnl, body-mass 
index and family history of colorectal 
cancer. Diagnosis confirmed with 
histopathologic a l reports. 

Significant trend for laigt! (2: 1 cin) 
adenomas with total pack-yenn* ip 
< ( 1 . 0001 ). pack—years smoked before 
age 30 years (p — 0.05) and puck- 
years smoked after age 30 years 

(p <0,0001) 

Significant trend for small {< I cm) 
adenomas with total pock—years 
(p < 0 . 0001 ) and pack-years smoked 
after age 30 years (/» < 0.0001) 
Adjttstcd fur age. family history i>r 
colorectal cancer, body-mass index 
and intake of fat. fibre, tblale und 
alcohol. Diagnosis confirmed by 
hiatopatliulogicfll reports 
Significant trend for small ip = 0.05) 
and large ip “ 0.(1002) polyps by lotal 
pack—years 


Large 

1.9 i "-36) 
17 ii , -2 .4) 

1.4 (0.7-2.7) 

2.4 (1.6-3.6) 
0.004 


Small 

1.7(1.03-2.9) 
1.2 (0.8 -1.9) 
0.8 <0.5-1.5) 
0.96 (0.7-1.4) 
0.95 
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Table 2.1.7.5 (con(d) 


Reference 
Country and 

years of study 


Kearney et «/ 
0995) 

USA 
1986—92 
(sec also 
Gjyvannuccj 
el at., 1994a.b) 
I9SO-90 


Martinez*-/ at. 
(1995) 

USA 
1991- 93 


Nelson ft a!. 

<!99S) 

USA 
|y«4-B7 
(see also 
Ki benda 11 
etui., 19H9; 


Initial study 
population 


I lea hit Professionals 
Follow-up Study 
12 922 men 
undergoing endoscopy 


Nurses' Health Study 
I 5 984 aunt eo 
undergoing endoscopy 


4698 patients 
undergoing 
colonoscopy or 
s i gi rioi doscopy, 
identified by medical 
records; 200 eligible 

cases, 673 eligible 
controls (aged > 35 
years) 

Patients undergoing 

colonoscopy, aged 
26-87 years [number 
not specified] 


Case patients 
CM, F) 


2 19 hyperplastic 
polyps of the distal 
colon Ptld rectum 


J75 hyperplastic 
polyps of the distal 
colon and rectum 


157(98 M, 59 F) 

adenomatous 

polyps 


137 (109 .M, 28 F) 
adenomas 


Polyp-free patients 
(M, F) 


480(229 M, 
251 F) 


136(86 M. 50 K) 


Smoking categories 


Former smoker 
Current smoker 
Cigarettes/day 
1-14 
> IS 

Former smoker 
Current smoker 
Cigar eVes/dav 
1-14 
& 15 

P for trend 
Former smoker 
Current Smoker 
Puck—years 

I- IO 

II- 20 
>20 

p for Ircnd 


Smoker 


Relative risk (95% Cl) Adjusimeni factors, comments 


l.r (0.9-1.5) 

2.5 (1.6-3.8) 



Adj US red for age-, energy intake, 

latmly history of culoreuol cancer, 
previous endoscopy; 

(discrepancies in relative risks 
htiw'ccn text and table] 


2.2(1 v -3.7) 
2.4(,. w -3.7> 
■i 0.0001 
1.6(1.03-2.5) 
2.3 (1.3-4-1) 

1 .7 (0 5-5.7) 
2.1 (06—6-S) 
2.6 (1.3-5-1) 

=> 0.008 


Adjusted for age, sex. race, intake of 
dietary fibre, vitamin C and alcohol, 
body-mass index, family history of 
colorectal cancer, physical activity 
and non-steroidal anli-infiammaiory 
drugs. Relative i iaks nvaifable for 
interaction wilfi alcohol 


Adjusted for age, sex, family history 
of cancer, n»cu, alcohol cornu pi pi ion, 
scrum ferritin, Q-carotcne. a-loco- 
pherul and selenium. Controls 

included patients with hyperplastic 
polyps. 


i—-4. 

i •; 


Table 2.1.7.S (contd) 


Reference Initial study 

Country and population 

years of study 


Longneckcr 

e/a/. (1996) 

USA 

1991-93 


1317 patients 
undergoing 
Si gmoi d oscopy, aged 
50-74 years; 488 
matched pairs with 
complete smoking and 
diet data 


Marius ft ai . 

(1997) 

Germany 

1990-91 


Martinez et a!. 
(1997) 

USA 
1991-93 
(see also 
Martinez et al. y 
1995) 


I 166 patients in 
clinical rehabilitation 
centre, aged 50—60 
years; 665 (57%) 
underwent 
sigmoidoscopy. 

4698 patients 
undergoing 
Colonoscopy or 
sigmoidoscopy, 
identified by medical 
records; 1 13 eligible 
cases, 7 19 eligible 
controls (aged 
>35 years) 


Case patients Polyp-free patients Smoking categories Relative risk (95% Cl) 

(M. F) (M. F) 


488.(325 M. 163 F) 
(response rate. 84%) 


I 46 (97 M. 49 F) 
adenomatous polyps 


488 matched by 

Former smoker 

1.2 (0.9-1.7) 

age, sex, dale of 

Current smoker 

2.4(1.6-3.8) 

Sigmoidoscopy 

Ever-smoker 


atul medical ccnlrc 

(pack—years) 


(response rate. 

Total 

| ,2 (0,8-1.8) 

82%) 

1-9 

1.3 (0.9-1.9) 

10-29 

1 .8 (1.2-2.5) 


2 30 

p for (rend 

0.002 


£ 20 years ago 

1.5 (1.00-2.3) 


1-9 

2.3 (1.4-3.7) 


10-30 

2.4 (1.02-5.6) 


> 30 

p For trend 

> 20 years ago 

0.0007 


1-9 

1.2 (0.7-1.8) 


10-30 

0.7 (0 5-1.2) 


>31) 

1.1 (0.6-1.9) 


p for trend 

0.65 

519 (308 M, 

Ever-smoker 

Cases vs n on-coses 

211 F) 


33 6% vs 24.1% ip = 0.03) 


81 (44 M. 37 F) 480 (229 M, 

hyperplastic polyps 251 F> 


Former smoker 
Current smoker 
Pack—years 
< 10 
l 1-20 
>20 


1.3 (0.8-2.3) 
2.5 (1.2-5.0) 

1.2 (0.6—2.3) 
1.7 (0.8—3.7> 
2.0 (1.02-3.8) 


Adjustment factors, comments 


Adjusted for race, alcohol intake, 
body-mass index, vigorous leisure- 
lime activity, intake of energy, 
saturated lilt and fruits and vegciables. 
Results by period of tobacco 
consumption similar tor small 
(< 1 cm) and large (2 1cm) polyps. 
55% of eases nnd 54% of controls 
were whites. 


Ivsrgc number of subjects with 
diabetes or hypertension 


Adjusted for age, sex, race, intake of 
dietary fibre, energy and alcohol, 
body-mass index, physical activity 
and non-stcroidal ami-inflj»m<nati>ry 


S? 


"4 
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Table 2.1.7.5 (eontd) 



Reference Initial study 

Country and population 

years of study 


Case patten is Polyp-free patients Smoking categories 

(M.F) (M, F) 


Raron er at. 
(1998) 

USA 

4 years 

864 participants in an 
ongoing clinical trial 
With prior history of 
colorectal 
polypectomy; 

751 subjects had 
colonoscopy 1 and 

4 years after the 
excision 

260 (212 M. 48 F) 
recurrent ndciiumas 

Kahn etal. 
(I99SJ 

USA 

19X2-92 

Cancer Prevention 
Study 11 

72 868 men and 

8 1 356 women 
without polyps at 
baseline, aged 

40-04 yeura 

12 615 (7504 M. 

51 11 F> polyps 

Terry' & 

Neugut ( 1998) 

USA 

1986-88 

300S .subject 
undergoing complete 
colonoscopy beyond 
splenic flexure, aged 
35-84 years, 2443 
(81%) eligible; 2001 
i nrerviewed 

269(155 M. 114 F) 
polyps 


4-19(344 M, fOS 

F> 


50S (225 M. 
283 F) 


Former smoker 
Current smoker 
CigarettcsSdav 
S 20 

21 40 

>40 

Duration (years) 
£ 20 

>20-^30 
> 30 —& 40 
>40 

Former smoker 
Current smoker 
(ciRorett es/ilay) 
1-20 
>21 

Former smoker 
Current smoker 

(c ig-treties/da v) 
1-20 
it 21 

Ever-smokcr 
Pacic—vcars 
1-14 
20-39 
> 40 


Relative risk (95% Cl) Adjustment ftuon, comments 


l.t ro. 

OS? if 

1.2 ro 
n.s oi 
1.6 1 


Adjusted forage, sex, clinical centre, 
intake of fat, total dietary fibre, 
energy intake and colonoscopy 

interval. 

Similar results for polyp recurrence in 
right ond left colon 


1.5. • V-? ■> 

0.7 ;■ 4 i 
l.l v -l 
0.97 (0.6—1.6) 
‘Men 

I .25 (1.17—1,34) 


J .30 (1.18-1.43) 
I -34 { 1.2 T—1.47) 
W omen • 

1.21 (1.13—1.30) 


1.37(1.25-1.50) 
1.50 (1.32-1.70) 
1.3 (0.97-1.({) 

1.2 (0.S-J.8) 

12 10,7-1.')) 

I .6 (1.1-2-4) 


Adjusted for age, education, race, 
gallbladder status, hndy-mnss index, 
exercise, alcohol and e*>fl'ee 
consumption. aspirin use. 
multivitamin use. family history of 
colorectal cancer, diet change, diet 
(intake of eggs, vegetables, meat, 
fibre, chicken, Fish), and lor women, 
parity, esu-ogen replacement, therapy 
and menopausal status 


Adjusted for gender, age and Quetelct 
index- Study investigated the 
hypothesis that control groups in 
maoy Mudics on tobacco smoking and 
colorectal cancer included & high 
proportion of individuals with 
adenomatous polyps. 



Table 2.1.7.5 (contd) 

Reference Initial study Case patients 

Country and population (M, F) 

years of study 

Nagata eta(. 14 427M, 259 (181 M, 7S F) 

(| 099) 17 125 F residents of histologically proven 

Japan Takayame. aged adenoma* 

1993-95 >35 years; 59J under¬ 

went colonoscopy 


Polyp-free patients Smoking categories Relative risk (95% Cl> 

(M. F) 


Former smoker 

Men 

1.2 (0.8-2.0) 

Current smoker 

1.4 (0.9—2.3) 

daa reites/day 

1-19 

1.4 (O 9-2,2) 

£ 20 

1.3 (0,8-2.2) 

Duration (years) 

1-29 

1,1 (0.7-1.8) 

2 30 

1.6 (1.02-2 6) 

Pack-years 
i—19 

p =0.02 

1.1 {<17-1.9) 

> 20 

1.5 (0.97—2.5) 

f3 for trend 

0.04 

Ever-smokcr 

Women 

2-2 (1.2-3.7) 

Cigaret/es/day 

2.4 (1.2-4.5) 

> 5 

2-1 (0.9—4.5) 

Duration (years) 

1-29 

I.S (0.7-2.9) 

& 30 

4 5 (2.0-9.1) 

p for trend 

0.00(1! 

Pack-years 

1-14 ’ 

2.1 (1.00-3-8) 

& 15 

2-9(1.2-6.0) 

/» for (rend 

0.002 


Adjustment factors, comments 


Adjusted for age 


ON 

so 
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Table 2.1.7.5 (contd) 


Reference 

Initial study 

Case patients 

Polyp-free patients Smoking categories 

Relative risk (95% Cl) 

Adjustment factors, comments 

Country and 
years of study 

population 

(M, F) 

(M, F) 




Almendingen 1 I 6 subjects with 

ei at. ( 2000 ) polyps at baseline 

Norway participating in a 3- 

3 years year follow-up 

intervention study, 
aged 50-76 years 


87 histologically 3S hospital 

confirmed outpatients with 

adenomas abdominal paint 

35 healthy 
controls; 
both groups 
mate hed by age 
and sex 


Former smoker 

Healthy c~ nfrols 

1.4 (• '1 -4 - i 

Current smoker 

“ r :• O- - -| 

Duration (yean) 
0.1-15 

l 7.,I u_t v> 

16-25 

1.4 jo..!--r in 

a 26 

j. • :fi.x-u :.;s 

p for trend 

O.l 

Pack-year? 

0.1-15 

1.1 (C.~-r 

> 15 

5.5 11 

p for trend 

0.03 

Former smoker 

Hospital controls 
1.4 (O.S-3.9) 

Current smoker 

3.6 (1.1 —12.6) 

Duration (years) 
0.1-15 

0.9 (0.3—3-4) 

16-25 

2,1 (0.5—9.4) 

2 26 

2.8 (0.9-B.4) 

p for trend 

0,05 

Pack-years' 

0.J-I5 

1.6 (0.3-9.0) 

> 15 

4.1 (1.1-15 9) 

p for trend 

0.04 


Adjusted for body-mass index, 
familial colonic cancer, energy, fat, 
fibre, dietary vitamin C. cruciferous 
vegetables, coffee and alcohol 


’Kcfcrcnt category included former 
smokers. 



Table 2.1.7-5 (contd) 


Kefcrcncc 

Country and 
years of Study 

Initial study 
population 

Case patients 
<M,F) 

Polyp-free patients 
(M.F) 

Smoking categories 

Relative risk <95% C|) 

Adjustment factors, comments 

Breuer- 
Katsch inski 
eta). (2000) 

Genminy 

W93-95 

Patients undergoing 
colonoscopy at S' 
major hospitals in 
Essen 

182 (94 M. 88 F) 
polyps; response rate, 
69% 

178(88 M. 

90 F) hospital 
controls; response 
rate, 50% 
i 82 (92 M, 90 F) 

population 

controls; 

response tale, 66% 

Former smoker 

CurTcnt smoker 
Ctgaratles/dav 

1-10 

11-20 

>20 

Former smoker 

Current smoker 
Ever-smokcr 

Cigarettes/day 

1-10 

11-20 
>20 

Population ->ntrols 

0 9 (| 5—| • • 

0.97 i'.' ri-l b: 

0.8(0 4 1.4) 

1.2 O-r a.n 

0.7 (i. - 1.4) 

Hosf controls 

1.0O' ' -1.7) 

2.3 (I 1 4.6) 

1.3 (0.9—2.1) 

1.2 (P --2.3) 
l,5(i.'7-2?) 

1.1 <0.6- 2.2 > 

Adjusted lor age. sex, social class, 
intake of fill, fibre and energy, relative 
weighl. consumption of red meat, 
vitamin A, carotene end folate 

Dais available fnr men and women 
separately, and for large and small 
polyps separately with each control 
group 


M, men, F, women; Cl, confidence interval 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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2 . 1.8 Cancer of the liver 
(a) Overall risk 

Aji association between cigarette smoking and liver cancer was reported in two cohort 
studies, one in Japan and one in the USA, and in four case-control studies on the topic 
([ARC 1986). In one of the cohort studies (Hirayama, 1981), the relative nsks associated 
with smoking were statistically significant in each alcohol-specific stratum; in another 
(Trichopoutos et al., 1980), a relative risk of 5.5 remained among hepatitis B surface 
antigen (HBsAg)-positive individuals who smoked > 20 cigarettcs/day after adjustment 
(pr alcohol consumption. At the time, however, it was drought that the available data did 
jot convincingly exclude residual confounding. 

Twenty-eight additional cohort studies, have been published since or after 1985, inclu¬ 
ding 10 from Japan (Kono et al., 1987; Akiba & Hirayama, 1990; Hiyama et «/., 1990; 
Shibata et al, 1990; Kato etal., 1992; Goodman etal, 1995; Chiba etal., 1996; Murata et 
a/., 1996;Mizoue etal, 2000; Mori ct a!., 2000), nine from China(Tue/ci/., 1985; Rossd 
d., 1992, London et al, 1995, Yuan er a/., 1996; Chen etal., 1997; Lam etal, 1997; Gao 
et al, 1999; Sun etal, 1999; Evans etal, 2002), four from China, Province oft'aiwan (Yu 
St Chen, 1993; Chang et al, 1994; Liaw & Chen, 1998; Yang et al, 2002), two each from 
tteUSAfHsingetfl/., 1990; McLaughlin etal., 1995) and Sweden (Carsterrsen etal, 1987; 
Nordlund et al, 1997) and one from the United Kingdom (Doll et al, 1994). In some 
studies, the cohort included patients with decompensated cirrhosis or post-transfirsional 
hepatitis (Kato etal, 1992), persons with chronic hepatitis or cirrhosis (Chiba etal, 1996) 
or HBsAg-positive healthy patients (Hiyama et al, 1990). The design of these cohort studies 
is described in Tables 2.1 and 2.1.8.1, and the results are summarized in Table 2.1.8.2. 

Most of the new cohort studies show an increased relative risk among current smokers. 

Twenty-six additional case control studies (Tables 2.1.8.3 and 2.1.8.4) published after 
1985 provide information on smoking and liver cancer: six were conducted in Japan 
(Hiyama eta!., 1990; Tsufcunia etal., 1990; Tanaka etal, 1992; Pyong etal, 1994; Tanaka 
Hal ., 1995; Mukaiya et al., 1998), three each in Africa (Kew et a!., 1990; Olubuyide & 
Bamgboye, 1990; Mohamed et al., 1992), China or Hong Kong SAR (Lin et al, 1991; Liu 
etal, 1998; Lam et al, 2001)and the USA(Austine(a/„ 1986; Yu, M.C.e/d, 1991; Chen 
dal, 2003), two each in Greece (Tzonou et al, 1991; Kuper et al, 2000), Italy (La 
Vecchia c?r o/., 1988; Ferraroni etal., 1989), the Republic of Korea (Choi & Kahyo, 1991; 
Skin et al, 1996) and China, Province of Taiwan (Chen el al, 1991; Yu, MAY. et al, 1991) 
lad one each in Canada (Siemiatycki eta!., 1995), Germany (Peters etal., 1994) and Spain 
(Vail Mayans et a!., 1990). The majority of these studies used hospital controls. Five 
Wits included community controls; two large Chinese studies (Liu et al, 1998; l am 
dal., 2001 ) include controls who had died of causes other than neoplastic respiratory or 
vascular diseases. Risks in current smokers that were higher than those in never-smokers 
"era found in 17 studies and attained statistical significance in 10 studies. An association 
smoking and increased nsk of liver cancer is thus consistently demonstrated in 
^Ij all cohort studies and in a number of case-control studies, particularly the larges! 
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ones from Asia, Greece and the USA. These studies used different approaches to consider 
other established risk factors for liver cancer such as infection with hepatitis B virus (HBV) 
and with hepatitis C virus (HCV) infection and alcohol consumption, 

(i) Confounding and effect modification 

Covariates that may potentially confound and/or modify' the relationship between 
smoking and liver cancer include chronic infection with HBV and HCV (IARC, 1994) and 
heavy alcohol consumption (IARC, 1988). Consideration of each of these factors presents 
a challenge, however, because analyses that adjust for alcohul consumption may over¬ 
control for cigarette smoking, and stratification on hepatitis infection status rather than 
adjustment may be the preferred approach for differentiating confounding from effect 
modification by HBV or HCV infection. 

Heavy, although not moderate, intake of alcoholic beverages is associated with an 
increased risk for liver cancer (IARC, 1988). The excess of liver cancer in populations 
where drinking alcohol is common could thus reflect an insufficient adjustment for 
drinking habits (Doll et al., 1994; McLaughlin et ai, 1995). Hovvever, several recent 
case-control and cohort studies have found an association between smoking and liver 
cancer after controlling for alcohol consumption (Yu, M.C. et ai, 1991; Yuan et ai, 199$; 
Chen et a!., 1997; Liaw & Chen, 1998; Mizoue et al., 2000) and among persons who 
reported no alcohol consumption. Chen etal. (1991) showed that subjects who consumed 
no alcohol, but smoked 20 cigarettes or more daily had a relative risk of 2.7 of developing 
liver cancer relative to nonsmokers who drank no alcohol. Those who both drank and 
smoked heavily had a relative risk of 11.7. Further supportive evidence is provided by the 
association between smoking and liver cancer observed among Chinese women (Liu 
et ai, 1998) and Japanese women (Tanaka et ai, 1995), in whom heavy alcohol drinking 
is extremely rare. 

Infection with HBV is Ihe main cause of liver cancer worldwide, whereas HCV 
infection causes a large fraction of liver cancer in Japan, northern Africa and southern 
Europe (IARC, 1994). Infection with HCV is increasing in many countries. To distinguish 
the strong effect of infection with HBV and HCV (relative risks of the order of 20; IARC, 
1994) from the association with smoking, stratification and/or adjustment for HBsAg and 
anti-HCV have been made in some studies (Yu, M.C. et ai, 1991; Yu, M.W. el ui, 1991; 
Liaw & Chen, 1998; Kuper et ai, 2000). The association between smoking and liver 
cancer was not generally weakened by adjustment for H B V and HCV. Infection with HBV 
was less frequent among smokers than nonsmokers in a large population survey in China 
(Evans cl al ., 2002). The possibility that tobacco smoking may potentiate the progression 
of chronic HBV and HCV infections to liver cirrhosis (Y'u et al, 1997) and/or liver cancer 
(Tsukuma et ai, 1993) has been examined in relatively few studies. The increase in risk 
for liver cancer associated with cigarette smoking appears to be greater among HBV 
carriers than among uninfected persons in some studies (Tu et ai, 1985), but not in others 
(Kuper at a/., 2000). 

No information on confounding from exposure to aflatoxin was available. 


(ii) Bias 

The most frequent bias that can arise in studies of associations between smoking and 
cancer are described in the General Remarks. Many of the case-control studies that have 
not found an association between smoking and liver cancer are hospital-based, so that the 
control series may include tobacco-related diseases. Morbidity and symptoms resulting 
from prevalent liver cirrhosis or undiagnosed liver cancer can lead to lifestyle changes, 
including a reduction in number of cigarettes smoked per day or cessation of smoking. This 
phenomenon would lead to underestimation of the relative risk for current smokers and to 
overestimation of the relative risk for former smokers. It can also distort the association of 
liver cancer with the number of cigarettes smoked per day. The detection of liver cancer in 
3 cirrhotic liver presents substantial difficulties of under- or over-diagnosis in cohort 
studies. Differential ascertainment of liver cancer according to smoking status, however, is 
unlikely. 

A varying, hut often substantial, proportion of liver cancer cases in the studies 
considered in this section was not pathologically confirmed. Liver cancer is a common 
site for metastases. If a high proportion of liver cancer for which pathological confir¬ 
mation was not acquired were in reality metastases from smoking-related cancers (e.g. of 
the lung, oesophagus or stomach), the association between smoking and liver cancer in 
some studies would be overestimated. In the vast majority of the examined studies, 
however, diagnosis of liver cancer was confirmed by cytological findings or by the com¬ 
bined presence of elevated concentrations of a-fetoprotein (> 400 ng/mL) and at least one 
positive image obtained by angiography, sonography, liver scan or computerize tomo¬ 
graphy scan, 

(b) Factors affecting risk 

(i) Duration and intensity 

I he US Veterans Study (Hsing et ai, 1990) found a substantial increase in the asso¬ 
ciation with increased smoking duration, A dear trend of increasing risk of liver cancer 
with the increase in pack-years was reported by Chiba et al. (1996). Many more studies 
reported relative risk by number of cigarettes smoked per day. An increased risk in heavy 
smokers relative to light smokers was shown in several studies (Hiyatna el ai, 1990; 
Hsing etal., 1990; Chen etal., 1991; Tzonou etal., 1991; Yu, M.W, etal., 1991; Tanaka 
etal, 1992; Chiba etal., 1996; Liu etal., 1998; Kuper et ai, 2000). In other studies, espe¬ 
cially those from Asia, however, the relative risk among smokers did not vary by category 
of cigarettes smoked per day. The reasons for this are unknown but they may include the 
relatively low power of most studies to detect small relative risks, and the inclusion of 
persons who smoke up to 25 cigarettes per day in the referent group, Hsing et d (1990) 
showed higher relative nsk among smokers who started smoking earlier (generally before 
age 20 years) than in those who started at age 25 years nr older. 
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Table 2.1,8.1. (contd) 


Reference 
• Counl ry and 
years of study 

Hepatitis 8 virus (HBV) 
status 

Cohort sample 

Cases/deaths identification 

Comments 

Chang er al. (1 994) 
China. Province 
of Taiwan 

1984-92 

HBsAg-positrve: 63% 
cases, 7% controls 

Anti-HC V: 1 3% cases, 3% 
controls 

Men aged 30—85 years 

Cases 

Same cohort as Yu & Chen ( 1993>. 
Nested case-control study without 
adjustment for HBsAg oranti- 

HCV status 

London er al. 

(1995)', Evans ei al. 
(2002) 

China' 

1992-2000 

81% HBsAg-positive 

1 1 — 15% HBsAg-positive, 
1.5% HCY-positive 

No adjustment, no 
stratification 

Residents of Haimen City, the 
world highest incidence area 
for hepatocellular carcinoma; 
aged 30-64 years 

Deaths certificates 
confirmed by hospital 

records 

London et al. ( 1 995) conducted a 
nested case—control study with 
matching lor HBV status. 

Chiba er al. (1996) 
Japan 

1977-93 

H BsAg-negative, anti- 
HCV-positive 

4 12 patients with chronic liver 
disease, including 232 chronic 
hepatitis and 180 cirrhosis 

Cases ascertained by 
medical follow-up 


Sun et al. (J999) 

China 

1987—98 

16% HBsAg-positive. 7% 
HCV-positive 

Men with chronic hepatitis B 
(72% of all men with hepatitis 

B in two townships) 

Cases identified by twice- 
yearly examinations 


Mori et al. (2000) 
Japan 

1992-97 

l .8% HBsAg-ppsttive 

22% HC VAb-positive 

Baseline survey during liver 
disorder screening 

Cases 


Yang et al. (2002) 
China, Province 
of Taiwan 

1991-2000 

Known HBV and HCV 
status 

Men aged 30-65 years 

Cases ascertained by yearly 
mass screening 

Nested case—control study 

HCV, hepatitis C virus; 

; HflsAg, hepatitis B surface antigen 




Table 2.1.8.2. Cohort studies on tobacco smoking and liver cancer 

Reference Cohort Wo. deaths/ Smoking categories Relative risk (95% Cl) Adjus.1mem factors/ comments 

Country and No. of subjects incident and other variables 

years of study cancers 


Hammond 

Cancer Prevention 


Ever-smoker 

Mortality ratio 


Mortality ratio of age-standardized 

(1966) 

Study (CPS) I 


Aged 45—64 years 

2.8 


death rates. Study based on cxaminalic 

USA 

440 558 men. 


Aged. 65-79 years 

1.3 


of death certificates on which 

1959-63 

6 62 671 women 





secondary liver cancers may have bcei 

included in the category * liver cancer' 
(many smoking-related cancers 







metastasize to the liver). 

Basa et al. 

16 492 cancer cases 

541 men, 213 


Men 

Women 

Adjusted for age 

(1977) 

(6771 men, 9721 

women 

Ever-smoker 

1.5 ip =0.01) 

2,6 {p —0.001) 


Philippines 

1968-73 

women) 


Current smoker 

1.3 

1.9 0? = 0.01) 


Hi ray a ma 

Six-prefecture 

865 deaths 

Lifelong no. of 

Alcohol use 


Standardized mortality ratios 

(1981) 

Study 


cigarettes smoked 

Occaxional. 

Daily 


Japan 

265 118 men and 



rare, none 



1965-78 

women 


None 

26.5 

24.0 





1-J90 000 

38.8 

49.4 





200 000-390 000 

39.9 

45.8 





400 OOO 

45.2 

66.9 


Tu etal. (1985) 

12 222 men 

7l> deaths 

HBV carrier 

Mortality rate 


Adjusted For age and alcohol 

China 



Nonsmoker 

332.8 


consumption 

1980-82 



Current smoker 

737.9 






£ 1 9 cigs/day 

660.1 






2 20 cigs/day 

1519 (p < 0.05) 






HBV non-earner 
Nonsmoker 

115.1 






Current smoker 

99.9 






< 19 cigs/day 

96.3 






> 20 cigs/day 

145.2 
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Table 2.1.8.2 (contd) 


Reference 
Country and 
years of study 

Cohort 

No. of subjects 

No. deaths/ 

incident 

cancers 

Smoking categories 
and other variables 

Relative risk (95% Cl) 

Adjustment factors/ comments 

Carstensen 

Swedish Census 

54 deaths 

Former smoker 

1,7 



etc/. (1987) 

Study 


Current smoker 

3.0 


Categories in grams of any tobacco/day 

Sweden 

25 129 men 


Cigarettes/day 



combined: 1 cigarette = ] g; 1 smalJ 

1963-79 



1-7 

1.6 


cigar = 3 g; 1 large cigar — 5 g 




8-15 

3.3 






> 15 

4.1 



Kono et at . 

Japanese 

5 1 deaths 

1-19 cigarettes/day 

1.1 (0.6—2.2) 


Adjusted for age and alcohol 


Physicians’ Study 


£ 20 cigarettes/day 

1.0 (0.5-2.2) 



Japan 

5 \ 30 tnert 






1965-83 







Akiba & 

Six-prefecture 

1060 deaths 

Current smoker 

1.5 (1.2-1.9) 


Adjusted for prefecture, occupation, age 

Hirayama 

Study 

(662 men. 

Cigare ttes/dav 



and observation period. No trend 

(1990) 

122 26 ] men. 

398 women) 

Men 



observed in the relative risk in relation 

Japan 

142 857 women 


1—4 

1.1 (0.5-2.0) 


to calendar period. Unclear whether 

1965-81 

~3 975 000 person- 


5-14 

1.6(1.3-2.0) 


former smokers were included in 


years 


15-24 

1.4 (1.2-1-8) 


analysis or not 




25-34 

1.6(1.1-2.4) 






£ 35 

1.9 (1.1 -3.2) [p for trend = 0.002] 





Women 







1—4 

1.4 (0.7-2.5) 






5-14 

1.4 (1.0—2.0) 






2 15 

2.5 (J .3—4. J) [p for trend = 0.001] 


Hiyartm Ct at. 

13 171 men 

93 cases 


Ratio observed/expected 


(1990) 




1.4 <1.1—1.7) 



Japan 







1969-85 







1972-92 

8646 men 

22 cases. 


Crude odds 

Adjustedfor 

Nested case—control study: controls 



44 controls 

Cigarettes/day 

ratio 

alcohol 

matched by age 




10-29 

1.7 (0.4—6.4) 

1-2 





£ 30 

5.8(1-34.2) 

6.3 



Table 2.1.8.2 ( 

contd) 





Reference 

Country and 

years of study 

Cohort 

No. of subjects 

No. deaths/ 
incident 

cancers 

Smoking categories 
and other variables 

Relative risk (95% Cl) 

Adjustment factors/ comments 

Hsing et al. 

US Veterans’ Study 

289 deaths 

Former smoker 

1.9 (1.2-2.9) 

Adjusted for age and calendar period 

(1990) 

293 91 6 men 


Current smoker 

2.4 (l .6-3.5) 


USA 



Cigarettes/day 



t 954—8Q 



< 10 

2.2 (1.2-3.8) 





JO 20 

2.0 (1.3-3.0) 





21-39 

2.9 (1.8-4.5) 





>39 

3 .8 (1.9-8.0) 





Duration (years) 






<35 

0.9 (0.4-2 .]) 





35-39 

2.6 (1.4-4.9) 





> 39 

2.7 (1.5-4.9) 





Age at starting 






smoking (years) 






< 20 

2.9 (1.6-5.3) 





20-24 

2.3 (1.2—4.3) 





> 24 

1.0 (0.4—2.3) 


Shi bat a et al. 

Cohort 1 

1J deaths 

Current smoker 

1.1 (0.2-4.7) 

Adjusted for age. Calculations based on 

(1 990) 

639 men 


C igarettes/day 


small number of liver cancer cases. No 

Japan 

17 480 perSOll- 


1-9 

0.6(0.1-3.7) 

information on HBV/HCV 

1958-86<() 

years 


£ 10 

1- <' n 2—5.7) \p for trend—0.6] 


1960-86 (II) 

Cohort it 

22 deaths 

Former smoker 

2/' i,t).3—29.0) 



677 men 


Current smoker 

3.6 (0.6-22.3) 



17 (72 person— 


C igarettes/day 




years 


1—9 

1 i 1 .5-96 -• ■ 





10-19 

I I 1-10-v. 





20-29 

2 '• " 1-19.2) 





> 30 

3 * 1 l -23 T! [p for trend —0.5 j 





1-19 

2 .(4-10,0) 

Adjusted for age and alcohol 




£20 

[ 4-9.4) 



3006392334 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2-1.8.2 (contd) 




Reference 
Country and 
years of study 

Cohort 

No. of subjects 

No. deaths/ 

incident 

cancers 

Smoking categories 
and other variables 

Relative risk (95% Cl) 

Kflto el ui. 

(1992) 

Japan 

1987-90 

1441 patients wiih 

decompensated liver 
cirrhosis, 343 with 
post-trans fusion 
hepatitis 

4386 person-years 

122 cases 

Former smoker 

Current smoker 
Pack-years 
<30 
£ 30 

0.9 (0.4-2.0) 

1.0 (0.5-1.8) 

0.8(04-1.7) 

0.9 (0.5-1.9) p for trend 0.824 

Ross et a!. 

(1992) 

China 

1986-89 

1 8 244 men 

35 299 person- 
years 

22 cases, 

140 controls 

Ever-smoker 
Cigorettes/da y 

1-19 
£ 20 

Duration (years) 

1-29 
£ 30 

Ever-smokcr 

2.6 (0.9-7.2) 

3.1 (1.0-10.3) 

2.1 (0.6-6.9) 

2.6 (0.7-9.4) 

2.5 (0.9-7.6) 

1 .8 (0.6-5.6) 

Vu & Chen 
(1993) 

China, Province 
of Taiwan 

1987-90 

969 J men 

35 cases, 

140 controls 

Current smoker 

1.2 (0.4-3.1) 

Chang et al. 
(1994) 

China, Province 
of Taiwan 
1984-92 

9775 men 

38 cases. 

152 controls 

Evcr-smoker 

1.2 (0.6-2.7) 


Table 2.1. 8.7t (cuntd) 


Reference 
Country and 
years of study 

Cohort 

No. orsubjects 

No. deaths/ 
incident 

cancers 

Smoking categories 
and other variables 

Relative risk <9S% Cl) 

Doll et of. 

British Doctors’ 

76 deaths 


Mortality rate 

(1994) 

Study 


Nevcr-smokcr 

7 

UK 

34 439 men 


Former smoker 

9 

1951-91 



Current smoker 

I 1 




C igare/tes/dav 





1-14 

17 




15-24 

3 




£ 25 

15 \p for trend = 0.7J 

Goodman era!. 

Life Span Study 

252 cases 

Men 


(1 995) 

36 133 men and 

(1 56 men. 

Former silinker 

4.2 (2.0-10.7) 

Japan 

women 

86 women) 

Current smoker 

4.1 (1.9-9,7) 

l980-89 

31 1 086 person— 


Ever-smoker 

4.4 (1.9-9.9) 


years 


Pack—wars 





< 23 

6.5 (2,7-15.3) 




23-40 

4.4 (1.9—10.5) 




^ 40 

3.1 (1.3-7.3) 




Years since quitting 





2 24 

4.0 (1.5-10.6) 




14-23 

4.1 (1.6-10.7) 




< 14 

5.6 (2.2—1 4.6) 




Women 





Former smoker 

1.7 <0,8—3.6) 




Current smoker 

1.6 (0.9-2.9.) 




Ever-smoker 

1.6(1.0-2.7) 




Pack—years 





<■ 16 

1.8 (0.9-3.8) 




£ 16 

1.5 (0.7-3.2) 




years since quirting 





>25 

2.3 (0.7-7.4) 




10-24 

1.0 (0.3—4.2) 




< 10 

10.4 (2.5—43.5) 



Adjustment factors/ comments 


Adjusted for sex and age. Record 
linkage study. Patients at high risk for 
development of hepatocellular 
carcinoma 


No adjustment; nested case-control 
study. Population-based controls 
matched on age, sample collection and 
residence 


Adjusted for 11BV. alcohol 
consumption, aflatoxin exposure and 
education 

Nested case—control snjdy; controls 
matched by age, date of interview and 
residence. Adjusted for testosterone, 
alcohol consumption, HCV status, 

HBsAg staLus, vegetable consumption 
and history of liver dtsease 
Nested case-control study; controls 
matched for age, residence and date of 
recruitment. Cases confirmed 
pathologically or Oc-fetoprotein 
£ 400 mg/mL and ultrasound 


Adjustment factors/ comments 


Annual mortality rate per 100 000 men 


Adjusted for city, age at lime of 
bombing and radiation dose to liver. 
Relative risk among non-drinkers of 
alcohol for ever smoking, 1.9 (95%. Cl. 
1.2—2.9); among men. 7.2 (95% Cl, 
1.0—53.3); among women. 1.3 <95% Cl. 
1.0—1.7). [Cls calculated by the 
Working Group) 


>o 


3006392335 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2. 1.8.2 (contd) 


Reference Cohort 

Country and No. of subjects 

years of' study 


No. deaths/ 

incident 

cancers 


Smoking categories Relative risk (95% CU Adjustment factors/ toaarnu 

and other variables 


London el at. 

60 98-4 men 

183 cases 

Current smoker 

0.7 (0.5—1.0) 

(1995) 


(2% histolo- 



China 


gicaily 



1992-95 


verified). 





868 controls 



McLaughlin et 

US Veterans’ Study 

363 deaths 

Former smoker 

1.5 (1.4—2.3) 

at. <1995) 

.248 046 men 


Current smoker 

1.8(1.4-2.3) 

USA 

3 252 983 person- 


C Igurettes/da v 


1954-80 

years 


1-9 

1.8 (1.1-2.8) 




10-20 

3.4 (1.1-2.0) 




21-30 

2.3 (1.6-3.1) 




£ 40 

2.6 (1.4—4.6) p for trend < 0.0 

Chiba et al. 

249 men, 163 

63 cases 

Pack-years 


(1996) 

women 

(54 men. 9 

< 20 

1.7 (O.g—3.7) 

Japan 

—2000 person—years 

women) 

> 20 

23 <1.1-5.5) 


Mu rata et al. 

Chiba Cancer 

Cases 

Cigar ell esfday 


(1996) 

Association Study 

8 

1-10 

1.4 

Japan 

17 200 men 

26 

11-20 

2.0 p < 0.05 

1983-94 


3 

£21 

0.4 

Yuan et al. 
(1996) 

Shanghai Men’s 
Study 

79 cases 

Ever-smoker 

Cigarettes/day 

1.8 p < 0.05 

China 

18 244 men 


< 20 

1.8 

1986-93 

98 267 person- 
years 


£20 

1.8 


Nested case—control study; controls 
matched 5;[ by age, area of residence 
and HBV status; strong inverse 
association between recent hepatitis and 

current smoking 

Adjusted for age and calendar-year 
time-period 


Adjusted for age, sex, alcohol 
consumption, clinical stage of liver 
disease, scrum o:-fetoprotein value, 
antihodies against HBV, history of 
blood transfusion, history of surgical 
procedures and family history of liver 
cancer 


Adjusted forage and alcohol 
Consumption 


Table 2.1.8.2 (contd) 


Reference 
Country and 
years of study 

Cohort 

Nci. of subjects 

No. deaths/ 
incident 

cancers 

Smoking categories 
and other variables 

Relative risk (95% Cl) 

Adjustment factors/ comments 

Chen et al. 

(1997) 

China 

1972-93 

Shanghai Factory 
Study 

6494 men, 2857 
women 

149 6 ! 6 person - 
years 

66 deaths 

Current smoker 
Cigarettes/day 

1-19 

£20 

p for trend 

2.0p <- 0.05 

2.1 

2.1 

0.07 

Adjusted for age, blood pressure, 
cholesterol and alcohol at baseline 

Lain et al. 

(1997) 

China 

1976-96 

Xi’an Factory Study 

1124 men, 572 
women 

32 428 person- 
years 

17 deaths 

Ever-smoker 

1 .1 (0.4-2.9) 

Adjusted for age. marital status, 
occupation, blood pressure, 
triglycerides and total cholesterol 

Nordlund al. 
(1997) 

Sweden 

1963-89 . 

Swedish Census 

Study 

26 000 women 

600 000 person- 

years 

4 1 cases 

Current smoker 

0.7 (0.2—2.0) 

Adjusted for age and place of residence 

Li aw Sc. Chen 
(1998) 

China, Province 
nf Taiwan 
1982-94 

Taiwanese Study 

11 096 men. 3301 
women 

140 493 person- 
years 

1 28 deaths 
(110 men, 

1 S women) 

Current smoker 

Men 

C igareites/day 
£ 10 

11-20 
> 20 

Duration (yettesj 
<20 

21-30 
=> 30 

2.2 (1.4-3.6) 

2.1 (1.2-3.5) 

1.9(1.2-32) 

1.8 (1.2—3.5) p for trend — 0.02 

1 .6 (0.8-3.2) 

1.0 (0.5-2.1) 

2.5 (J.6-4.1 

Adjusted forage, HBV Status and 
alcohol 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.8.2 (contd) 


ON 

NO 


Reference Cohort 

Country and No, of subjects 

years of study 


No. deaths/ Smoking categories Relative risk (95% ci) 

incident and other variables 

cancers 


Adjustment factors/ comments 


LiflW Sc Chen 

(I99§) (contd) 



Gao et al. 

(1999) 

China 

1983-94 

Shanghai 

Residential Study 

213 800 men and 
women 


Sun at al. 

(1999) 

China 

1987-98 

145 men 

22 cases, 
45% histolo¬ 
gically 
confirmed 

Mizoue et al, 
(2000) 

Japan 

1986-96 

Fukuoka Study 

4050 titen 

35 785 person- 
years 

59 deaths 

Mori et ai. 

(2000) 

J 992-97 

974 men. 2078 
women 

13 984 person- 
years 

22 ( 14 men, 

8 women) 


Age at starting 
smoking (years) 
> 24 
21-24 
5 20 

Pack—years 
< 20 
20—40 
>41 
Men 
Urban 
Suburban 
Rural 

"Women (urban) 


Never-smoker 
Current smoker 


Former smoker 
Current smoker 
Cigarettes/day 
t-24 
£25 

Former smoker 
Pack-years 
< lO 
a to 


t.4 (0 8-2.6) 

2.3 (1-2-4.2) 

2.2 (1.4—3.7) p for trend < 0.01 

1-7 (J .0—2.9) 

2.1 (1.2-3.5) 

2.5 (1.3-4.6) 


1.5* 

1.4 

1.5* 

2.4 r 

Incidence rate 

2.3 

1.6/> = 0.5 


T CI does not include 1 .0. 
p for (rend -c 0.05 for intensity of 
smoking for men and women and for 
age at starting smoking for men only 

Rate per 100 person-years 


2.9 (1.0-8.4) 

3.3 (1.2-9.5) 

3.5 (1.2-10.2) 

2.8 (0.8-9.6) 

2.1 (0.6—7.2) 

3.3 (0.4-28.2) 

2.0 (0.6—6-9) p for trend *» 0.3 


Adjusted fr>r age, alcohol consumption 
and area of residence 


Adjusted forage and sex 



Table 2.1.S.2 (contd) 


Reference 
Country and 
years of study 

Cohort 

No. of subjects 

No. deaths/ 

incident 

cancers 

Smoking categories 
and other variables 

Relative risk (95% Cl) 

Adjustment factors/ comments 

Evans el al. 
(2002) 

China 

1992-2000 

Yaog el al. 

(2002) 

China. Province 
. of Taiwan 

1991 -2000 

48 454 men, 

25 430 women 

11 83 men 

92 359 person- 
years 

977 deaths 
(900 men, 

77 women) 

1 )) cases, 

222 controls 

Current smoker 

Men 

Women 

Current smoker 

0.9 (0.8-1. l> 

2.0 (0.9-4.2) 

1.5 (1.0—2.2) 

Smoking was not significantly 
associated with liver cancer as assessed, 
by present consumption, duration of 
smoking or pack—years 

Nested case—control study, population - 
based controls matched on age, date of 
enrolment and township. Adjusted for 
HBV and HCV status, age and alcohol 
consumption 

HBV, hepatitis B vims; HCV, hepatitis C virus 


3006391 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.8.3. Case-control studies on tobacco smoking and liver cancer: ma ; 
characteristics of study design 5 


Reference 
Country and 
years of study 

Williams &. 
Hnrm{1977) 
USA 
1969-71 

Trichopoulos 
e/a/. (1980) 
Greece 

1976- 77 

Lem elal. 

(1982) 

Hoor Kong SAR 

1977- 80 

Stcmhagen cs a!. 

(1983) 

USA 

1975-80 

Yue/fl(.(l983) 

USA 

I97S-79 


No. Df cases and controls Source of cases and controls 


Hardell elal. 
(1984) 

Sweden 

1974-81 

Austin el a!. 
(1986) 

Cute, USA 
(years of Sludy 
not specified) 

U Vecchia elal. 
(1988) 

Italy 

1984-87 

Ferraronl etal. 
(1989) 

Italy 
1983-88 


Men: 31 cases and 1739 
controls: women: 14 
cases and 3164 controls 

Men: 35 cases sod 169 
controls; women; S cases 
and 35 controls 

Men: 17 cases and 94 
controls; women: 2 cases 
and 13 controls 

Men: 178 cases and 
356 controls; women: 

87 cases and 174 controls 

Men and women: 78 
cases and controls 


Men: 98 cases and 
200 controls 


Men; 60 cases; women: 
26 cases; 172 controls 


Men; 115 cases and 776 
controls; women: 36 
cases and 275 controls 


Men: 115 cases and 1334 
controls: women: 36 
casesanddlO controls 


Sludy win die third National Survey 
Cases and controls aged a: 35 years; response rale, 57% 
Controls were patients with other cancers, excluding 
lung, larynx, oral cavity, oesophagus and bladder 

Hospital-based study among HBsAg-negative 
Cases histologically confirmed (58%); mean age, 

62 years 

Controls matched on age and sex 

Hospital-based study among HBsAg-negative patterns 
Cases histologically confirmed (99%); mean age, 

50 years 

Controls marched on age and sex 
Hospital-based study 

Cases histologically confirmed; mean age, 64 years 
Controls matched on age, race, sex and area of residence 

Population-hased study among black and white non- 
Asians 

Incident cases histologically confirmed (70.6%); aged 
>70 years 

Controls matched on age, sex, race and neighbourhood 
Pnpnlation-based study 

Deceased cases of hepatocellular carcinoma (83) nr 
cholangiocarcinoma (15), 109% histologically 
confirmed; aged 25-80 years 
Controls randomly selected from population 
Hospital-based sludy 

Casesconftrmed h’istcdocically (93%), aged 19-84 years 
Controls matched by age, sex and race 


Hospital-based study 
Cases aged 24-74 years 

Controls with acute conditions excluding malignant 
disorders, digestive tract diseases and conditions related 
to tobacco or alcohol; aged 22-74 years 

Hospital-based study 

Cases histologically confirmed (100%), aged < 75 yeats 
Controls with no cancer, digestive tract disorders or 
conditions related to coffee, alcohol and tobacco 
consumption; comparable catclimeat areas 


TOBACCO SMOKE 
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fable 2.1.8-3 (contd) 


Reference 

Country and 
years of Study 

No. of cases and controls 

Source of cases and controls 

Kiyama a at. 
(1990) 

/opart 

1914-87 

Rcw elal. 

(1990) 

South Africa 
(years of Study 
not specified) 

Men: 192 cases and 192 
controls; women: 37 
cm and 74 controls 

Women: 46 cases and 

92 controls 

Population-based study (in Japanese) 

Hospital-based study 

Cases aged 19-54 years 

Controls with various medical disorders, excluding 
diseases related to contraceptive steroids, matched on 
sex, race, exact tribe, place of birth (mral/urban), 
migration, hospital and ward 

Vail Mayans 
etal. (1990) 

Spain 

1986-88 

Men: 67 cases and 133 
controls; women: 29 
cases and 57 controls 

Hospital-based study 

Cases histologically confirmed (77%) 

Controls were diagnosed with 76 different conditions 
(including other cancers, ADS, liver disease, stomach 
ulcer, pancreatitis), all unrelated to study exposure, 
matched on age and sex 

Olnbuyide k 
■ Bamgboye 
(1990) 

Nigeria 

1987-88 

Men: 85 cases and 85 
controls; women: 15 
cases and 15 controls 

Hospital-based study 

Cases of primary hepatocellular carcinoma, 100% 
histologically toiifirmed; aged 42-55 years 

Controls were patients admitted to orthopaedic clinic, 
matched for sex and age 

Tsukumaefa/. 

(1990) 

Japan 

1983-87 

Men: 192 cases and 192 
controls; women: 37 
cases and 74 controls 

Hospital-based study 

Cases histologically confirmed (38%); aged < 74 years 
Controls from gastroenterology department, excluding 
liver disease and smoking- or alcohol-related diseases 

Chen etal. 

(1991) 

China, Province 

ofTaiwan 

1985-87 

Men: 200 cases and 

200 controls 

Population-based study 

Cases recruited at teaching hospitals 

Controls selected from household registration offices, 
with no history of hepatocellular carcinoma, matched on 
age, sex. ethnic group and area of rcsiderce 

Choi & Kahyo 
(1991) 

Republic 
of Korea 

1986—90 

Men: 216 cases and 

648 controls 

Hospital-based study 

Cases; average age, 49 years 

Controls matched on age and date of admission to 
hospital 

Lin etal (1991) 
China 

1984-R6 

Men: 200 cases and 200 
controls 

Hospital-based study in a polyclinic 

Cases with primary hepatoma; aged > 20 years 

Controls were patients with conditions unrelated to 


smoking 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.8.3 (contd) 


Reference 

Counfry and 
yens of study 

No. of cases and controls 

Source of cases and controls 

ShinefaL 

(19%) 

Kepublic 
of Korea 
]»0-93 

Men: 159 cases and 318 
controls; women: 44 
cases and 88 controls 

Hospital-based study . 

Cases liblulugitally confirmed (53%) 

Controls were healthy patients from check-up at hospital 
(159 men, 44 women) and in-patients (159 men, 44 
women), individually matched for sex and age 

Liu e/a/. (1998) 
China 

1989-91 

Men and women: 28187 
cases and 87 315 controls 

Population-based study in rural and urban areas ofChma 
Cases: 17 523 (13 478 men. 4045 women) from urban 
and 10 664 (7979 men. 2685 women) from rural areas 
Controls: 51 880 (31) 799 men, 21171 women) from 
urban and 35 435 (22 046 men, 13 389 women) &om 
rural areas 

Mukaiya at d. 
(1998) 

Japan 

1991-93 

Men: 104 cases and 104 
controls 

Hospital*based study 

Casts with chronic liver disease; aged 51-69 years 
Controls with chronic disease but no hepatocellular 
carcinoma, matched for age 

Kuper et a!. 

<2000) 

Greece 

1995-98 

Men: 283 cases and 298 
controls; women: 50 
uses and 62 controls 

Hospital-based study 

Cases histologically confirmed (4754) 

Non-cancer controls with injuries, eye/ear/nose/throat 
conditions, unrelated to smoking, alcohol or cotlee 
consumption 

Lam ad, 

(2001) 

Htmg Kong SAR 
1998 

Men; 15 296 cases and 
3918 controls; women: 

12 211 cases and 9136 
controls 

Population-based study among ethnic Chinese 

Cases from death registries: aged 235 years 

Controls were spouses ur relatives; aged > 60 years 

Chen el ol. 

(2003) 

China 

1986-88 

Men; 26 294 cases and 
11321 controls; women: 
9642 cases and 5619 
controls 

Retrospective population-based study in 24 cities and 

74 rural counties 

Cases aged > 35 years 

Controls with citihosis 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.1.8.4. Casp-control studies on tobacco smoking and liver cancer 


Reference 
Country and 
years of study 


No. of cases Smoking categories Relative risk (95% CT) 

and controls 


Williams & 40/204 

Horm (J 977) 

U$A 

1969-71 

Trichopoufos 19/107 

etal. (J9«0> 

Greece 

1976-77 


Lam el al. 265/530 

(1982) 

Hong Kong 
1977—SO 

Stemhagen et a). 78/78 

(1983) 

USA 
1975-80 

Yu etal. (1983) 

USA 

1975-79 


Pack-years 

Wen 

< 20 

0.6 

20-39 

2.3 

2:40 

3.1 

C igaretlex/day 

1-10 

1.3 

1 1—20 

2.5 f 

21-30 

3.7 f 

231 

8.4 f 


Women 

0.3 

1.6 


£ 20 cigarettes/day 3.3 (1.0-13.4) 


Hver-smoker 


Men Women 

0.7 (0.5-1.1) 1.0 (0.6—1.7) 


Former smoker ].l (0.3-4.0) 

£ 20 cigarcttes/day 1 .2 (0.6—2.5) 

> 20 cigarerres/day 2.6 (1.0-6.7) 


Hardell et at. 98/200 

(1984) 

Sweden 

1974-81 


Adjustment/comments 


Adjusted for age and sex. Non-significant odds 
ratios 


Persistence of effect after adjusting for alcohol 
consumption 

T significamly higher than I 


Overall, no significant association between alcohol 
consumption and liver cancer. Peanuts not 
considered as important source ofafUiiuxin 

No difference when adjusted for alcohol 
consumption. No dose—response 


Adjusted for alcohol. Nonsmokers and former 
smokers combined. |The Working Croup 
considered that because only 4 controls drank ^ 80 
g/day ethanol, there were insufficient data to study 
Ihe effect of smoking among heavy drinkers. 
Among lighter drinkers, the effect does not reach 
significance, is lower in magnitude that the 
unstrarified effect and may be influenced by 
residual confounding.] 

The small positive association between HCC and 
smoking disappeared after controlling foraJcohoJ 
consumption. Strong association between smoking 
end cholnngiacarcinoma 


Table 2-l.S.d fcontd) 


Reference 

Country and 
years of study 

No. of cases 
and controls 

Smoking categories 

Relative risk (95' 

Austin et al. 

86/172 

Ever-smoker 

l .3 (NS) 

(1986) 


current smoker 

1.5 (0.7-3.7) . 

USA 


Former smoker 

0.9 (NS) 



Bvei-smoker 

J.0 (0.5-1.8) . 



Current smoker 

1.1 (0.5-2.4) 



Puck—yet J rs 




1-24 

0.9 (NS) 



25—49 

2.6 (NS) 



2: 50 

0.8 (NS) 

La Vecchia el al. 

1 51/1051 

Former smoker 

0,7 (0.4-1.0) 

<1988) 


Current sinukcr 

0.9 (0.6-1 .5) 

Italy 




1 984-87 




Ferraroni et al. 

1 51/5944 

Former smoker 

0.9 

(1989) 


Cigarettes/day 


Italy 


c 15 

0.9 (NS) 

1983-88 


15-24 

0,7 (NS) 



>25 

0.8 (NS) 

H iyama et al. 

229/266 

Pack—years 


(1 990) 


<20 

1.0 (baseline) 

Japan 


20-39 

1.9(U-33) 

1984-87 


40-59 

2.0(1.1-3.6) 



>60 

1.0 (0.5-1.9) 

Kew et al. 

46/92 

Current smoker 

2.2 (0.8-6.1) 

(1990) 


Cigaretre.s/(tay 


South Africa 


<r- 10 

2.1 (0.8 7.1) 



> to 

2.1 (0.4-10.7) 

Vail Mayans 

96/190 

Cigar ettes/day 


el al. (1990) 


1-20 

1 A 

Spain 


> 20 

1.1 


1986-88 


Adjustment/comments 


Unadjusted 

Adjusted for alcohol consumption 


Adjusted for HBsAg status and alcohol 
consumption 


Adjusted for age, sex, geographical area, hepatitis, 
cirrhosis and alcohol consumption 


Adjusted for age, sex, alcohol, education, marital 
status and coffee consumption. No difference when 
adjusted for age and sex only 


Adjusted for HBsAg status, age, sex. alcohol 
consumption and family history of liver cancer 


X 2 for trend = 0.0L No difference aflcr adjustment 
for HBV or alcohol consumption 



—j 
O 
CD 
> 
O 


On 




A 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.8.4 (contd) 


Reference 
Country and 
years of sludy 

No. of cases 
and controls 

Smoking categories 

Relative risk (95% Cl) 


Olubtiyide & 

100/100 

Current snioker 




Bamgboye 


All 

1.7 (0.9—3.1)n <0.1 


(1990) 


Men 

1.5 (0.8-2.8) 



Nigeria 


Women 

7.1 (0.7-26.5) 



1987-88 






.Tsukuma et al. 

229/266 

Men and women 




(1990) 


Former smoker 

0.7 



Japan 


Current smoker 

2.5 (1.4-4.5) 



1983-87 


Cigarettes/day 






1-19 

4.2 





20-39 

2.2 





£ 40 

1.1 





Pack—years 

Alt 

Men 

Women 



0-19 

1.0 

1.0 

1.0 



20-39 

1.7 (1.0—2.8) 

1.6 (0 9-2.8) 

[2-4] 



40-50 

1.8 ([.0-3.1) 

1.9 (1.1-3.4) 




> 50 

) ,0 (0.5-1.8) 

0.9 (0.5-1.7) 

[1.6] 



Men 






Former smoker 

0.8 





Current smoker 

2.3 (1 1—4.8) 





Cigarettes/day 






1-19 

3.4 





20-39 

2.5 





>40 

1.0 





Women 






Current smoker 

2.9 (1.1-7.9) 





Cigarettes/day 






1-19 

(6.1] 





£ 20 

[ 1 - 1 ] 




Adjustment/comments 


Adjusted for age and sex 


Adjusted forage 


Crude risk estimates 


Table 2.1.8.4 (contd) 


Reference 

Country and 
years of study 

No. of cases 
and controls 

Smoking categories 

Relative risk (95% Cl) 

A dj usUTi ent/ comment s 

Chen et al. 

20 O/2OO 

Cigarettes/day 


Matched univariate analysis 

(1991) 


1-10 

1.1 (0.6—2.0) 


China, Province 


n-20 

1.9 (1.2-3.1) 


of Taiwan 


> 21 

3.0(1.5-5.8) 


1985-87 





Choi &■ Kahyo 

216/648 

Former smoker 

0.7 (0.4-1.2) 

Adjusted for HBV status, age, alcohol 

(1991) 


Current smoker 

1.0 (0.7-1.6) 

consumption, education and marital status 

Republic 


Cigarettes/day 



of Korea 


1-20 

1.2 (O.S 1.8) 


1986-90 


21-40 

0-6 (0.3-1.2) 




£41 

0.5 (O.t-2.6) 




l~hiration (years) 





1-19 

0.7 (0.4-1.3) 




20-39 

1.0 (0.6-1.6) 




> 40 

1.9 (0.4 1.8) 


Lin ei al. (1991) 

200/200 

Current smoker 

2.1 (1.3-3.2) 

Adjusted for age; study in an aflatoxin-endemic 

China 




region of China 

1984-86 





Tzonou et al. 

1 85/432 

HCC cases with 

2.3 (0.9—5.9) 

Adjusted for age and sex 

(1991) 


cirrhosis 



Greece 


HCC cases without 

2.1 (1.1-4.0) 

Adjusted for HBsAg and HCV status 

1976-84 


cirrhosis 





HBsAg-positive cases 

1.7 (0.5-5.6) 

Adjusted for age and sex 



and controls 





HBsAg-negative cases 

2.4 (1.2-4.7) 

Adjusted for HCV status 



and controls 


[Crude odds ratio, 1.7 (95% Cl, l. 1 -2.6>] 


<=• 


3006392341 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Reference 

Country and 

years of study 

No. of cases 
and controls 

Smoking categories 

Relative risk (95% Cl) 


Yu, M.W. el al. 

127 pairs of 

Clgaretles/day 




(1991) 

cases and 

l—10 

1.1 <0.5—2.2) 



China, Province 

controls 

11-20 

1 .8 (1.0-3.4) 



of Taiwan 


> 20 

1.7 (0-7—4.5) 



1986-87 . 








1-10 

0.4 (0,1 -1.9) 





l 1-20 

1.3 (0.4—4.2) 





>20 

2.1 (0.3-13.5) 



Yu, M.C . el al. 

74/162 


AH 

Men 

Women 

(1991) 


Former smoker 

1 .6 (0.7-3.5) 

1.8 (0.7—4.8) 

1.4 (0.3-6.5) 

USA 


Current smoker 

2.5 (1.2—5,0) 

2.8 (1,0-7.9) 

2,4 (0.8-6.9) 

l984-90 








Cigarettes/day 






£ 19 

2.8 (1.2-6,9) 

3.7 (1.0-13.3) 

2.1 (0.6—7.7) 



£ 20 

2.2 (1.0-5.0) 

2.4 (0.8-7.4) 

2.9 (0.7-1 1.7) 



Former smoker 

1.1 (0.4-2.6) 

1.1 (0.4-3.3) 

0.8 (0.1-8.9) 



Current smoker 

2.) (1.1-4.3) 

2.2 (0.8-6.0) 

2.4 (0.9-6.7) 



Current smoker 






HBV/HCV-positJve 

1.8 <0.5—6.2) 





H BV/HC V-negati ve 

3.4 (0.9-12.5) 



Moh anted et al. 

101/101 

Cigarettes/day 

Men 

Women 


(1992) 


0-19 

1.3 (0.5-3.4) 

2.2 (0.3—6.3) 


South Africa 


2 : 20 

0.7 <0.2-2.5) 

- 


Tanaka et al. 

204/410 


All 

Men 

Women 

(1992) 


Former smoker 

1.6 (0.9-2.8) 

1.8 (0-9-3.5) 

1.7 (0.4—7.1) 

Japan 


Current smoker 

1.5 (0.5-2.5) 

1.7 (0-9-3.2) 

1.0 (0.3-3.2) 

1985-89 


Pack-years 






< 10.9 

1 





11-26.2 

1.4 <0.8—2.3) 





26.3-35.9 

1.2 (0.7-2.1) 





£ 36 

lA(Q.8-2.4) 




A dj us t m en t/c i>m tn e n ts 


Matched odds ratio 


Adjusted for HBV and HCV status, alcohol and 
peanut consumption 


Adjusted for alcohol consumption 
Adjusted for age, sex and ethnicity 


Adjusted for alcohol, age and HHV status 


Adjusted for age and sex. Subjects with chronic 
hepatitis and cirrhosis exluded from control group. 
Histologically confirmed cases (82) did not differ 
from the remaining cases of liver cancer in their 
smoking habits. 


Table 2.1.8.4 (contd) 


Reference 

Country and 

years of study 


No. of cases 

and controls 


Peters el ai. 

<1994) 
Germany 
1986-93 
Pyong ei at. 
(1994) 

Japan 
1989-92 

Siemiatycki 
ei al . (1995) 
Canada 
1979-86 


Tanaka et al. 
C1 995) 

Japan 

1983-89 


Shin ei al. 
(1996) 
Republic of 
Korea 
1990—93 


Smoking categories 


Current smoker of 
> 40 pack—years 


Clgarettes/day 

1-20 

>20 

Ever-smoker 
Petek—years 

<25 

25—49 

50-74 

>75 

Former smoker 
Current smoker 
Male ever-smoker 
Pack-years 
0.1-12.9 
> 13.0 

Current smoker 

Moderate 

High (> 20 cigs/day 
fur> 10 years) 


Relative risk <95% Cl) 


0.7 (0.2-2.4) 

0.4 <0.1-1.6) 


1.4 (0.5-3.8) 
0.7 (0.3-1.9) 
0.7 (0.2—2,2) 
0.8 (0.3-2.7) 
22 (1.2—4.1) 

2.8 (l. 1-6.9) 

1.9 (1.2-2.8) 

2-4 (l. 1—4.9) 
1.8 (0.8-3.7) 

2.3 (0.4-1 I .7) 
1.1 (0.3-2.5) 


Adj u st m ent/com m ent s 


Adjusted for alcohol and HBV and HCV status 


Adjusted for age, sex, HBV and HCV status, 
transfusion and alcohol Consumption 


Adjusted for age; cancer control gToup bad cancer 
at sites not previously associated with cigarette 

smoking 


Adjusted for age, study category (except for ever- 
smokers). HBV, history of transfusion, family 
history of liver cancer and alcohol consumption. 
Combined analysis of 3 studies; partial overlap with 
Tanaka et al. (1 992) 

Adjusted fOT HBV/HCV status. Clone//chls 

sinensis, history of hepatitis, liver, alcohol 
consumption and socioeconomic status 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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2.1.9 Breast ameer 

Indirect evidence suggests that smoking could conceivably reduce the risk for breast 
cancer. It is recognized that high levels of estrogens, particularly of estrone and estradiol, 
contribute to an increased risk for breast cancer and smoking is thought to have an anti¬ 
estrogenic effect The occurrence of menopause at an earlier age among smokers than 
among nonsmokers is also well established, and late age at menopause has been consistently 
related to an increased risk for breast cancer. Conversely, cigarette smoke contains carci¬ 
nogens lhat could plausibly affect the breast (US Department of Health and Human 
Services, 2001). Research is in progress to determine whether some population groups are 
placed genetically at a higher risk for breast cancer associated with smoking (see Section 4). 

A total of 18 case-control and cohort studies that addressed the association of tobacco 
smoke with breast cancer were reviewed by the IARC Working Group on Tobacco Smoke 
in 1986 (IARC, 1986), A suggestion of a decreased risk was noted, but the reported 
relative risks were distributed on both sides of unity, ranging from 0,7 to 1.4. While the 
epidemiological evidence was consistent with a decrease in risk, it could not be concluded 
that this had been demonstrated. 

Thirty-six case-control studies and eight cohort studies as well as one large pooled 
analysis of data from 10 cohort and 29 case-control studies from the Collaborative Group 
on Hormonal Factors in Breast Cancer Study (2002) were examined to assess the relation¬ 
ship between smoking and breast cancer risk. The characteristics of the castHrontrol 
studies and the principal findings relative to the association with smoking are shown in 
Tables 2.1.9.1 and 2.1.9,2, respectively. Descriptions of all cohort Studies are presented at 
the beginning of Section 2 and in Tables 2.1 and 2.1.9.3, and the results for breast cancer 
are given in Table 2.1.9.4. The studies included in the analysis by the Oxford Collabo¬ 
ration and tiie results of the pooled analysis are shown in Table 2.1.9.5 and Figure 2.1.9.1 
(Collaborative Group on Hormonal Factors in Breast Cancer, 2002). 

The Oxford Collaborative Study included over 80% of the worldwide epidemiological 
data on breast cancer and on alcohol and tobacco consumption. Overall, the analyses for 
tobacco exposure included 58 515 women with invasive breast cancer and 95 067 controls 
from 53 studies, in which individual data on both alcohol and tobacco consumption had 
been recorded. Case-control and cohort studies were eligible for the collaborative 
analysis if they included at least 100 women with incident invasive breast cancer and had 
information on reproductive factors and on use of hormonal therapies. Cohort studies 
were included using a nested case-control design, in which four controls were selected at 
random, matched on follow-up to the age of the case at diagnosis and, where appropriate, 
matched on broad geographical region. Only active smoking was considered and no 
attention was given to the reported associations with passive exposures, nor was 
information obtained on the age when women started or stopped smoking, or the amount 
smoked. Relative risks of breast cancer were estimated, after stratifying by study, age, 
parity and, when indicated, women’s age at time of first birth and their consumption of 
alcohol and tobacco. 
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Figure 2.1.9.1. Relative risk of breast cancer in relation to tobacco consumption i a 
various subgroups of women 
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risk for current smokers was 0.99 (95% Cl, 0.92-1.05)). The findings for tobacco were 
pt substantially confounded by any other factors, including family history of breast 
cancer, race, height, weight, age at mcnarche, menopause or use of hormonal prepa- 
fl tion5. Furthermore, the results for tobacco exposure and breast cancer did not vary 
substantially between studies, study designs or by the 15 personal characteristics of the 
W omen that were examined (Figure 2.1.9.1). 

Among women who reported drinking alcohol, it was difficult to distinguish the 
independent effects of smoking (Collaborative Group on Hormonal Factors in Breast 
Cancer Study, 2002). For example, when ever-smokers were compared with never- 
suiokers, the relative risk for breast cancer was 1.09 before stratification by alcohol con¬ 
sumption and was reduced to 1.05 after stratification. Moreover, the corresponding j[ 2 
(Chi squared) value declined by 75% from 23.4 to 6.4. Among ever-smokers in the 48 
studies that gave information on current and past smoking, 54% were current smokers and 
4 fi% were past smokers. Compared with never-smokers, the relative risk for breast cancer 
was 0.99 for current smokers and 1.07 for past smokers. 

. Eleven studies, comprising a total of 4781 cases and 12 713 controls, contributed data 
on tubacui consumption for cadi woman, but no data on alcohol consumption, and were 
not included in the pooled analysis, The relative risk for breast cancer in ever-smokers 
compared with never-smokers in this subset of 11 studies was 1.05. 

The results of some individual studies, particularly hospital-based case-control 
studies, must be interpreted cautiously (see General Remarks). Furthermore, questions 
have been raised about the results of some studies of women who participated in breast 
cancer screening programmes because the extent to which early detection methods are 
used may be correlated with smoking behaviour Population-based case-control studies 
are generally believed to provide the most valid results. 

Confounding 

The most serious constraint in the interpretation of results from most studies that 
have attempted to evaluate the association of exposure to tobacco smoking with breast 
cancer risk results from the strong correlation of alcohol consumption, an established risk 
factor tor breast cancer, with smoking behaviour, and (he imprecision in estimates of the 
amount of alcohol consumed, especially those based on self-reports. The Oxford Colla¬ 
borative analysis addressed this constraint by limiting the analysis of the association of 
breast cancer with tobacco consumption to study subjects who reported never drinking 
alcohol. 


The collaborative analysis examined the relationship between smoking and breast 
cancer and found it to be substantially confounded by the effect of alcohol consumption. 
When the analyses were restricted to 22 255 cases and 41) ST2 controls reported to drink 
no alcohol, smoking was not associated with breast cancer (compared with never- 
smokers, the relative risk for ever-smokers was 1.03 (95% Cl, 0.98-1.07) mid the relative 
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Table 2.1.9.!. Case-control studies on tobacco smoking and breast cancer: main eb, 
teristics of study design rat ‘ 


Reference 
Country and 
years of study 


Number of cases and controls 


Criteria for eligibility and comments 


Rosenberg ct at 2 100 cases diagnosed in the last 
0 months, and 717 controls, 
USA and Canada aged 20-69 years 
1976-82 

Smi th et al. 429 cases and $ 12 controls, 

(' aged 20-54 years, matched bv 

USA aye 

1980-82 


Schechter ct at 123 cases atid 369 controls, 

(* agud 40-59 years, maiched by 

Canada agegioup and screening center 

Up to 1982 


Brinton ct at 1 547 cases and 1930 controls, 

(^6) mulched hy center, dl miriiy, 

USA age group, time of entry and 

1973-1981) length of participation in the 
programme 

McTiemancW. 329 cases and 332 controls, 

( *W aged 25-54 years, matched by 

USA age 

1981-82 

0 Connell a at. 276 cases and 1519 controls, 
f 1 '^) aged 30 years or older 

USA 
1977-78 


Stockwell A 5246 cases and 3921 controls 
Lyman (1987) 

USA 

198] 


Case-control surveillance programme in medicaf 
centers 

Control admitted Tut cancers unrelated to smoking 
and to age at menopause (e.g. endometrium) 

National population-based study conducted by the 

Oft* histologically confirmed 

Corim I s u 1 ith no previous cai icer of the breast, . 

endometrium and ovary 

95% response rale fnr both cases and controls 

Mufticenler randomized controlled trial (National 
Breast Screening Study) 

Criteria for eligibility: no history- of breast cancer, not 
pregnant, no mammogram in the last !2 months 
Cases histologically confirmed ' 

Controls selected among women allocated to 
mammography 

Multicenter screening programme (Breast Cancer 
nretection Demonstration Project) 

Controls selected aiming women not having rweivsd 
a biopsy 

74% response rate For cases and 90% for controls 

Population-based study (CDC Cancer and Steroid 
Hormone Study) 

Controls selected among women of the county by 
Waxberg’s mud urn-digit dialling melliod 
79% response tale for cases and 87% foe controls 
Popular inn-based study 

Cases (patients admitted to North Carolina hospitals) 

histologically confirmed 

Controls selected from a stratified sample of 

Households within the catchment area of the hospitals 

where the cases were identified 

93% response rale fur cases and 88% for controls 

I'opulanon-based study 

Controls were residents of the state of Florida 

diagnosed with colon or rectal cancers, or melanoma, 

or endocrine neoplasms 


ji\i1e 2.1.9.1 (contd) 


Reference 

Country and 
^,5 of study 

Number of cases and controls 

cun ford ct qI 

458 cases and 568 controls, 

(1987) 

aged 20-54 years, marched hy 

.USA 

1980-92 

age group 

Adami e< at 

422 cases and 527 controls. 

(1988) 

aged less than 45 years 

Sweden & 

(Sweden) and less than 40 years 

Norway 

(Norway), matched by age 

1981-83 

(Sweden) and day and year of 
birth (Norway) 

Brownson d «! 

436 cases (88% prevalent) and 

(1988) 

1693 controls, maiched by age 

USA 

1979-86 

group atid county cf residence 

Cooper ef at 

451 tawMwiitrol pairs, aged 

(1989); 

Rohan &. Baron 
(1989) 

Australia 

1982-84 

20 74 years, matched by age 

Katntffl/. (1989) 

1740 cases and 8920 controls, 

Jiipuit 

1980 $6 

aged 20 years and older 

Meara at at 

998 cases (hospital Study) artd 

(1989) 

118 cases (screening), aged 

UK 

25-59 years (hospital study) 

1980-84 

and 43-69 years (screening), 
and 998 controls matched by 
age group 

Schechter at at 

254 prevalent casts will 7G2 

(1989) 

controls; 317 incident cases and 

Canada 

1982 85 

(prevalence 

study) 

1981-87 

(incidence study) 

951 controls; age 40-59 years 


Criteria for eligibility find commenls 


Population-based study (Cancer and Steroid 
Hormone Study) 

Cases histologically confirmed 

Controls selected by random-digit dialling in the 

same geographical area as cases 

85% response rate for cases and 9(1% for controls 

Pupulati on-based study 

Cases histologically confirmed 

Controls with no history of cancer selected from 

population registers 

89% response rate for cases end 81% for conirols 


Screening programme (Columbia Women's Cancer 
Control Programme) 

Cases histologically wniirmd 

Controls randomly selected from panicipanls to the 

programme 

Near 100% response rates for cases [controls not 
Specified] 

Population based study 

Cases histologically confirmed 

Controls randomly selected from the electoral roll of 

the Adelaide area 

81% response rate for cases; 648 contra ts approached 
to achieve a final number of 451 

No detailed information on study design 
Cases selected from cancer registry 
Controls with cancers of known primary site, 
unrelated lo alcohol 

Hospital-based study and mammographic screening 
Controls selected among patients from the same 
hospital with conditions unrelated to breast cancer or 
contraceptive practice, and among normal screened 
Near 100% response rates in both studies for cases 
nnd controls 

Mult 1 centre randomised controlled trial (National 
Breast Screening Study) 

Criteria for eligibility: no history of breast cancer, not 
pregnant, no mammogram in the last 12 months 
Cases histologically confirmed 
Controls selected among women allocated to 
mammography 
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Table 2.I.9.I (contd) 

table 2.19.1 (conkti) 

Reference 

Country and 
years of study 

Number of cases and controls 

Criteria for eligibility arid comments 

Reference 

Coiintiy and 
years of study 

Number of cases and controls 

Criteria for eligibility and comments 

Chile /ai (1990) 

4720 caws and 4682 controls, 

Population-based study (CDC Cancer and Steroid 

Bmga et ai 

2569 cases and 25 88 controls, 

MuUicciiire hospital-based study in six Italian areas 

USA 

aged 20-54 years, matched by 

Hormone Study) 

(]99 6) 

aged 23-74 years (cases) and 

Cases histologically confirmed 

1980-82 

age group and geographic 

Controls selected anttn|> women of the county by 

Italy 

20-74 years (controls) 

Controls with no history of cancer admitted to 


location 

Waxberg's random-digit dialling method 

1991-94 


hospitals for acute, non-neoplastic, non-hormonal, 



80% response rate for eases and 88% for controls 



non-gynaecological diseases, smoking-related 

Ewertz(1990) 

1480 cases and 1332 controls. 

Population-based study 



conditions excluded 

Denmark 

aged less than 70 years. 

Controls with no history of breast cancer identified 



> 96% response rate for both cases and controls 

1983-84 

matched by age 

from the Central Population Register 

Haile el ul. (1996) 

144 cases and 232 controls. 

Population-based study 



87% response rate for cases and 78% for controls 

Canada and USA 

aged less than 50 years 

Cases histologically confirmed 

Palmer 0 d 

Canada 

Population-based study in Canada 

1970-89 


Controls were cases’ sister(s) who were alive in 1989 

(1991) 

607 cases and 1214 controls 

English-speaking women with no history of cancer j 

(Los Angeles) 


(> 1 sister by case) and unaffected by breast cancer 

Canada and USA 

under age 70, matched by age 

were eligible 

1975-89 


-70% response rale for cases and controls combined 

1982-86 

and neighbourhood 

Controls identified from lax assessment rolls 

(Quebec) 




USA 

7d% response rate for rases and 65% for controls 

1935-89 




1955 cases and 805 controls, 

Hospital-based study in the USA 

(Connecticut) 




aged 30-69 years 

Controls admitted la hospital for cancers unrelated to 

Morabia eta! 

244 cases and 1032 controls, 

Population-based study 



smoking (colon, rectum, melanoma, lymphoma, bene 

(19%) 

aged less than 75 years 

Cases histologically confirmed 



or connective tissues) diagnosed in the last 6 months 

Switzerland 


Controls were residents of Geneva, aged 30—74 years 



and having no previous history of cancer 

1995-93 


71% response rate for cases and 70% for controls 

Field e/o/. (|992) 

1617 case-control pairs aged 

Population-based study 

Yon etal (1997) 

1154 cases and 21714 controls, 

Hospital-based study 

USA 

20-79 years, matched by year 

Cases histologically confirmed 

Japan 

aged 25 years or older 

Cases histologically confirmed 

1982-84 

of birth and county of residence 

Controls selected using state driver’s licence files 

1988-92 


Controls were cancer-free hospital patients with no 



79% response for cases and 72% for controls 



hi&loty of cancer 

Smith et a!. 

755 case-control pairs (cases 

Population-based study 

Brunei et ttl. 

186 case-control pairs, mean 

Study involving genetic counselling centers 

(1994) 

under age 36 at date of 

Cases diagnosed in 1982 -85 

(1998) 

age 49.7 years, matched by age 

Cases with past diagnosis of invasive breast cancer 

UK 

diagnosis), matched by date of 

Controls randomly chosen from each case’s general 

Canada and USA 

and mutation in the same 

and no previous diagnosis of ovarian cancer 

1984-88 

birth (within 6 months) 

practiuner list of patients 

[years of study 

BRCA gene 

Controls: women with no history of breast cancer. 



72 % response rate for cases and 89% for controls 

not specified] 


carriers of BRCA 1 or BRCA2 mutations 

Ranstam & 

177 premenopausal and 216 

Population-based study 

Ghadirian etal. 

414 cases and 429 controls. 

Population-based study in the francophone 

Oksun(1995) 

postmenopausal cases; 195 

Controls randomly selected from the national 

(1998) 

aged 35-79 years, matched by 

Community of greater Montreal 

Sweden 

premenopausal and 254 

population register 

Canada 

age and residence 

Cases histologically confirmed 

1981-84 

postmenopausal controls 

90% response rate for cases and 80% for controls 

1989-93 


Controls selected by random-digit dialling 

Baron etui 

6888 cases and 9529 controls. 

Population-based study 



77% response rate for cases 

(19%) 

aged less than 75 years 

Controls randomly selected from state driver’s 

Gammon et at, 

2199 cases and 2009 controls, 

Population-based study (Women’s Interview Study 

USA 

1 flLlO tt 1 


licence lists (aged < 65 years) and among women 

(1998) 

under 45 years, matched by age 

of Health) 

1988-91 


enrolled in Medicare in the participating slate (aged 

USA 

group and geographic <uca 

Controls identified by random-digit dialling 



65-74 years) 

1990-92 


86% response rate for cases and 71% lor controls 


81% response rate for esses and 84% for controls 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



3006392350 



718 1AKC MONOGRAPHS VOLUME 83 

Table 2.1.9.1 (contd) 


Reference 
Country and 
years of study 


Millikan era!. 
(1998) 

USA 

1993-96 


Gammon el al. 
(1999) 

USA 

1990-92 

Lash &. 

Ascliengrau 

11999) 

USA 

1983-86 


Johnson el al. 
( 2000 ) 
Canada 
1994-9) 


Marcus el al. 
( 2000 ) 

USA 

1993-90 

limes & Byars 
( 2001 ) 

USA 

1989-95 


Knapp & Chang- 
Clande (2002) 
Geimany 
1992-95 and 
1999-2000 


Number of cases and controls Criteria for digtoTity and corniiients 


498 cases and 473 controls 


378 cases (168 TPSJ-positive 
and 210 TP53-negaiive) and 
462 controls, under the age of 
45 years, matched by age group 

265 cases and 763 controls 


2617 cases (805 premenopausal 
and 1512 postmenopausal) and 
2438 controls, aged 25-74 
years 


864 cases and 790 controls, 
tgcd 20-74 years 


319 cases and 768 controls, 
aged 26-45 years 


468 mostly premenopausal 
cases and 1093 controls, 
notched by age and region 


Population-based study (Carolina Breast Cancer 
Study) 

Cases histologically tunfirmed 
Controls selected from lists from the North Card'm 
Division of Motor Vehicles (aged 20 64 years) ann 
the Hen Ith Caro Financing Administration (aged OS- 
74 years) 

Randomized recruitment among cases and controls j,, 
have equivalent numbers of white and African 
Americans as well as < 50 and > 50 years of age 
77% response rate for cases and 68% for controls 
Multicentre population-based study 
Gases histologically conlimed 
Controls identified by random-digit dialling 
83% response rate for eases and 77% for controls 
Population-based study 

Controls identified by random-digit dialling (aged 
< 65 years); from the Health Care financing, 
Administration lists (aged > 65 years); and from the 
Massach usets Department of Vital Statistics fists 
(deceased subjects 1983-89) 

79% response rate for cases and 77% for controls 

Population-based study 

Cases histologically confirmed 

Controls randomly selected from provincial health 

insurance plans; or random-digit dialling; ot 

population research laboratory 

77% response rate for cases and 71% for Controls 

Population-based study (Carolina Bteasl Cancer 
Study) 

S« Millikan elal. (1998) 

77% response rate for casts and 68% for controls 1 
Recrad-Iinkage study 

Cosa had completed a first pregnancy after 1987 
Pnmiparous controls who resided and delivered in 
the same county as the case and were not 
subsequcnlly diagnosed with breast or endometrial 
cancer were identified from infants’ birth records 

Population-based study 

Cases histologically confirmed 

Controls selected from regional population registries 

70% response rate for cases and 61% for controls 
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Reference 

Smoking categories 

Relative risk 

Comments 

Country and 
years of study 


(95% Cl) 



Former smoker 

1.1(0,8-13) 

Adjusted for all identified pulenlial 

e ,d.m 

Cigaretla/day 

1.3 (0.9-Ui) 

contouiiders 

USA 

I—14 


Panada 

15-24 

1.0(05-1.4) 


1976-82 

225 

1.1 (0.8-1.7) 


Southed. 

Occasional smoker 

0.9 (0.7-1 J) 

Continuous smokers 

(19*4) 

Current smoker 

1.2(0.9-16) 


USA 




1980-82 




Schethter 

All 



era/-(1985) 

Former smoker 

1.0 (0,6-1,7) 


Canada 

Ever-smoher 

14(0.9-2.1) 


Up to 1982 

Current smoker 
PrWt'nupmml 

1.9(1.2-3.1) 



Former smoker 

1 .0 (0 a—2.7) 



Evcr-smoker 

2.1 (1.1-4.9) 



Current smoker 
Postmenopausal 

36(1.7 7.7) 



Former smoker 

1 0(0.5-20) 



Ever-smoker 

1.110.6-1.9) 



Current smoker 

1.3(0.7-14) 


Prioton eta!. 

Former smoker 

12(1.0-1.5) 

Adjusted fur age 

(1986) 

Ev$r-?moker 

12(1.0-14) 


USA 

Current smoker 

12(09-1.4) 


1473-SO 

Cigarem/doy 




<Ki 

1.2(0.9-1.41 

p for bend = 0.2 


19-19 

1.4(11-1.8) 



20-29 

1.2(0.94.4) 



30-39 

12(0.9-1.8) 



240 

Duration (years) 

12(0.8-1.6) 

p for trend - 0,02 


<10 

14(1.0-1.9) 


10-19 

12(0.9-1-5) 



29=29 

12(0.9-1.4) 



30-39 

1.1 (0.9 1.4) 



>40 

1.3(0.9-17) 



Age at srarrillg Smoking 
(years) 




223 

1.1 (0.9-I.4) 



29-22 

l.l (0.9-I.5) 



17-19 

1.3 (1.0-1.6) 



<17 

1.3 (1.0-1.6) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 






3006392351 




720 (ARC MONOGRAPHS VOLUME 83 


Tublc 2.J-9.2 (contd) 


Reference 
Country and 
years of study 

Smoking categories 

Relative risk 
(95% Cl) 

Comments 

MG Arrian 

Es ifdgen receptor-positive 


Cases identified via population-based 

aal (1986) 

ernes (n= 143) 


Wi 1Cw registry, aged 25 54 yean; at 

USA ' 

Former smoker 

o.9e ( 0 . 6 -i.e) 

diagnosis. Part of CASH study. Adjusted 

1981-82 

Current smoker 

l.l (0.7-I.8) 

fur age and use of alcohol 


Estrogen receptornega- 
tiiv oases (n-91) 

Form? r smoker 

Current smoker 

Estrogen receptor status 
unknown (« - 89) 

Former smoker 

0.8 (0.5-1,6) 

0.8 (0.4-1.3) 

0,8(0.5-l.5) 


O’Connell 

Current smoker 

Farmer smoker 

08(0.5-1,5} 

1.2 (0.8-1.7) 

Adjusted forage, race, estrogen use, oral 

etiil (1987) 

Cigunitias/day 


contraceptive use and alcohol 

USA 

1-20 

08(0.5-11) 

consumption 

1977-78 

>20 

0.6 (0.3-1.1) 


Stockweli & 

Former smoker 

I.O(O.lH.l) 

Adjusted for age, race and marital status 

Lyman (1987) 
USA 

Cigarettes/day 

>20 

1.3 (1.1-1.5) 

1981 

20-4(1 

1.2(1.0-15) 


Stanford etui 

>40 

Estrogen receptor-positive 

1.3 (1.0-1.8) 

Women aged 20-54 years. Part of CASH 

(1987) 

ever-smoker (« ~ 204) 

1.03(0.7-1.4) 

study. Ever-smoker defined as having 

USA 

Estrogen receptor-negative 


smoked > 100 cigarettes/lifetime 

1980-82 

ever-smoker (n = 254) 

1.00(0.7-1.4) 

Adjusted for age 

Adami cl at. 

Cigarettes/day 


Adjusted for age, education, alcohol 

(1988) 

1-4 

.1.1 (0.5-2.1) 

consumption and reproductive factors 

Sweden, 

5 9 

1.3 (0.8—2.0) 


Norway 

10-14 

10(0.6-1.5) 


1984-85 

15-19 

0.7(0.4-121 



>20 

Duration (years) 

M 

5-9 

10-14 

15-19 

>20 

Age at starting smoking 
(years) 

>25 

20-24 

15-19 

<15 

LI (0.7-1.8) 

12(06-2.3) 
07(0.3 1.3) 
1.0(06-1.8) 

LI (07-1,7) 
1.2(0.6-17) 

1.6 (08-3.3) 
0.8(0.5-13) 
1.0(0.7-15) 
1.3(07-2.5) 
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fable 2.1.9.2 (cunld) 

Reference 

Smoking categories 

Relative risk 

Comments 

County “d 


(95% Cl) 


ytais of study 




Brovrtison 

Former smoker 

0,9 f 0.6-1.2) 

Adjusted for age, age at first pregnancy. 


Ever-smoker 

1.1 (0.9-1.4) 

parity, age at menarclic, ever being 

USA 

Current smoker 

1.4(1.01-1.9) 

tmmed, family history of breast cancer 

1979-86 



and oral contraceptive use 

Cwperefai 

Estrogen receptorynsitive 


Cigarette smnking associated with 

(1989); Rohan 

(w = 238) 


increased risk of estrogen receptor- 

4 Baron 

Former smoker 

11.9(0.6 1.4) 

negative cancer; women aged 20-74years; 

(1989) 

Ever-smoker 

0.95(07-1.4) 

adjusted for menopausal status 

Australia 

Current smoker 

1.3(0.8-2.0) 


1982-84 

Estrogen receptor-negative 




("= H9) 




Former smoker 

1.9(0.99-3.6) 



Ever-smoker 

1 6(1.00-2.7) 



Current smoker 

1.3 (0.7-2.5) 



former smoker 

1.04(0.7-1.5) 

Adjusted for family history of breast 


Ever-smoker 

1.2 (09-1.5) 

cancer, practice of breast self-examination, 


Current smoker 

1.4 (0.95-2.0) 

history of benijan breast disease, obesity. 


Cigarettes/day 


menopausal status and alcohol 


1-15 

12(07-1.9) 

consumption 


> 15 

1.6(0.99-2.6) 



Pack-years 




l-<5 

0 99(0 6-1 6) 



5-<14 

1.1 (0.7-1.8) 



!4-< 25 

1.1 (07-1.8) 



£25 

1.6(0.99-2.5) 

p for trend = 0.088 

Kat Held 

Ever-smoker 

0.9(07-1.02) 

Adjusted for age, alcohol use, marital 

(1989) 



status, residence, occupation and family 

Japan 



history of breast cancer 

1969-86 




Mcaraefijl. 

25-44 years 


Adjusted for menopausal status, age at 

(1989) 

former smoker 

0.9 (0.6—1.5) 

first full term pregnancy, age at menarche. 

United 

Current smoker 


family history of breast cancer in first- 

Kingdom 

1-14 cigarettes/fay 

0,6(03-0.95). 

degrtt relatives, duration of oral 

1980-84 

> 15 cigarcttes/day 

1.2(07-1.8) 

contraceptive use, alcohol use, Quctclel 


45-69 years 


index and socioeconomic status 


Former smoker 

0 95(0.7-1.3) 



Cunent smoker 




1-14 cigarettes/day 

0.8 (06—1.2) 



2 15 cigarettes/day 

0.8 (0.6—1.1) 



Former smoker 

0.99 (0.4-2.3) 



Current smoker 




1-14 cigarettes/day 

1.8107-4.7) 



15 city rdf es/dny 

2.9(1.: 7.3) 

p fortrend 0.05 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.9.2 (contd) 


4 


Reference 
Country and 
years of study 

Smoking categories 

Relative risk 

(95% Cl) 

Comments 

Schtchter 

Prevalent cases 


Adjusted fur age at menarche, age atfirst 

e/of. (1989) 

Ever-smoke; 

l.l (0.9-1 =5) 

live birth, parity, age at menopause, famjL 

Canada 

Pack-years 


history ot breast cancer, history of hmigj 

1982-85 

HO 

1.0 (0-6 1-5) 

breist disease, hrenst symptoms, oral 

(prevalence) 

>10-25 

1.1(07-1,7) 

rontijiccptive use, tttiogcn replacement. 

1981-87 

>25 

1.2(0.8-17) 

height, weight, skinfold thickness, 

(incidence) 

incident eases 


ethnicity, marital status, education, CC71tre 


Fwftr-Smolwr 

12 (0,9-16) 

Dgc, use of breast self-cxaminatieu and 


Poek-yeafs 


rtilmber of previous mammograms 


1-10 

1.2 (0.9 1.8) 



>10-25 

t.i (0,8-17) 



>25 

1.3 (0.9-1.9) 


Chit et a! 

Former smoker 

1.1(1.0-1.3) 

Adjusted for age, parity, menopausal 

(1990) 

Ever-smoter 

1.2{1.1-1.3) 

status, age at first birth, age at menarche, 

USA 

Current smoker 

1.2(1.1-13) 

family history of breast rancer, firsturyof 

1980-82 

Cigaretlesfday 


benign breast disease and estrogen 


<15 

1.1(1.0-13) 

replacement therapy 


15-24 

1.2(10-1.3) 



>25 

1.2 (1.1-1.4) 



Duration (yean) 




<10 

I.I (0.9-12) 



10-19 

13(1.1-1.4) 



20-29 

1.2(1.1-1.4) 



>30 

1.1 (05-J.3) 



Age at starling smoking 



(years) 




>23 

1.3(1.1-1.5) 



20-22 

1.2(1.0-14) 



17-19 

1.2(1.1-14) 



<17 

1 .1(1,0-1.2) 



Pac.k-y^/irs 




<10 

1.1 (I.O-IJ) 



10 19 

1.1(1.0-13) 



20-29 

LI (1.0-13) 



30-39 

1.3(1.1-16) 



>40 

1.1 (0.9-1.4) 



years since quilting 




0-1 

1,2(1.1-13) 



2-5 

1.2 (1.0-1.5} 



6-9 

13(1.0-1.7) 



>10 

1.1(09-13) 



■fabled- 1 - 9 - 2 (contd) 


Kjfrredce Smoking categories Relative risk 
Cnontry and (95% Cl) 

years of study __ 


Euefh (1990) 

Former smoker 

10 (0.8-1.2) 

Denmark 

Current smoker 

09(0.8-1.1) 

198344 

Cigurettes/ilw 


1-4 

0.9(0.7-13) 


5-9 

1.05(0.8-1.41 


10-14 

1.02(0.8-13) 


15-19 

1.01 (0.8-I.4) 


>20 

Duration (years) 

0 .8(00-1.00) 


<10 

0.8 (0.6—l.l) 


10-19 

0.9(03-1.2) 


20-29 

0.99(0.8-1.3) 


30 39 

0.99(0.8-1.2) 


240 

Age at starting smoking 
(years) 

095 (0.7-13) 


230 

0.8 (0.6 1,1) 


25-29 

0.97(0.7-1.4) 


20-24 

09(0.7-1.1) 


15-19 

0.99(0.8-1.2) 


<15 

Pack-years 

1.1 (08-1.6) 


]-<5 

08(0.6-1.1) 


5-< 14 

1.1(0,9-14) 


!4-<25 

0.9(08-1.2) 


2 25 

0.9(03-1.2) 

Palmer e( of. 

Former smoker 

1.0(0.7-13) 

(1991) 

Evcr-smoker 

1.0(0.8-13) 

Canada 

Current smoker 
Cigareltes/day 

1.1 (0.9-1.4) 


<25 

1.0(08-1.2) 


25-34 

14(0.8-1.5) 


2 35 

1.5 (0.9-2.5) 

USA 

Former smoker 

1,1 (0.9-1.4) 


Evcr-smokcr 

12(1.0-1.5) 

1982-86 

Current smoker 
Cigarelles/day 

13(1.1-1.6) 


<25 

1.2(1.0-15) 


25-34 

12(0,8-1,9) 


>35 

13(0.9-1.8) 


Comments 


Adjusted for age and place of residence 


Adjusted for nge, age at menopause, age at 
menarche, age at first binh, parity, family 
history of breast cancer, history of 
fibrocystic breast disease, body-mass 
index, oral contraceptive use, alcohol use, 
years of education and geographical arei 


A 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Reference 

Smoking categories 

Relative risk 

Country and 


(95% Cl) 

years of study 



Fret idol. 

fiver-smnker 

1.03(0.9-1.2) 

(1992) 

Cigaretta/duy (approx.) 

USA 

1-9 

0.9 (0.7-1.1} 

1982-84 

1O-J0 

1.2(1.00-1.4) 


30 

0.9 (0.7-1.1) 


40 

0.98 (11.74.4) 


>40 

Duration (years) 

1.2 (0.7-2.G) 


1-9 

1.00(0.8-1.3) 


10-19 

1.2 (0.9-1.5) 


20-29 

0.9(0.7-11) 


30-39 

1.04(0.9 1.3) 


£41) 

Age at starling smoking 
(years) 

1.04(08.48) 


>30 

0.9(0.6-12) 


20-29 

1.1(09-1.4) 


<20 

Age at quitting (years) 

1.00(0.9-1.2) 


<30 

1.05 (08-1.4) 


30-39 

1.2 (0.9-1.5) 


40-49 

0.98 (08—1.2) 


50 59 

1.03(02-1.3) 


>60 

09(0.7-1.1) 

Smith el at. 

Ever-smtiker 

I.Oi (11.8-1.3) 

(1994) 

Cigarettes/cloy 


UK 

<15 

0.95 (0.7-12) 

1984-88 

416 

Duration (years) 

11(0.8-1.5) 


1-9 

l.l (0.8-1.5) 


>10 

Pank-yeurs 

0.97(0.8-1.31 


< 1-10 

1.00(02-1.3) 


>10 

Age at starting smoking 
(years) 

1.02(0.8-1.4) 


>17 

0.9(0.7-12) 


<16 

1.1(02-1.4) 

Ranslam A 

Premenupausal 


Olsson(1995) 

Ever-smoker 

1.0(0.64.5) 

Sweden 

Cigarem/day 


1981-84 

1-10 

0.7(0.3-14) 


>11 

Pnsttnennpansal 

12(0.7-2.1) 


Ever-smoker 

Cgaretta/day 

0.7(0.4-12) 


1-10 

07(0.1-1.3) 


>11 

0.8 (0.4-1. 6 ) 


Age-idjtisied for birth-year and coon,, . 
residence .. 


Adjusted forage at menamhe nulliparity, 
age at first full-term pregnancy, 
breastfeeding (ever/never), family history 
of breast cancer, total oral contraceptive 
use, biopsy for benign breast disease and 
total alcohol consumption at age 1 $ 


Adjusted for age, age at menarcbe, age at 
first full-term pregnancy, parity and age at 
menopause 


pbif 2.1.9.2 (could) 

defn«i« Smoking categories 
On>i!y snrl 
- cifsiudy 


Former smoker 
Cujrem smoker 
Cigorettes/day 
a 10 

10— 20 

21-30 

31-40 

>40 

trend/ Id cigarettes 
Duration (yean) 

<10 

11- 20 
21 30 
31-40 
41-50 
>50 

trend/10 years 
Years since quitting 
>30 
21-30 
11-20 
3-10 

i 3 

trend/10 yeors 

Former smoker 
Evcr-smokcr 
Current smoker 
Clgareltes/ihy 
<5 
5-14 

15- 24 
>25 

Duration (years) 

<20 

20-29 

>30 

Age at storting smoking 
(years) 

>25 

19-24 

16- 18 
< 1 * , 

Yean since quilling 
>16 
7-15 
3-6 
<3 


Relative risk Comments 
(95% Cl) 


1 . 1 ( 1 . 01 - 1 . 2 ) 

1.0 (0.9—1.1 3 

1.04(0.95-1.1) 

1.1(0.98-1.2) 

1.1(0.9-12) 

1.04(0.9-1.2) 

1.1 (0.8-I.5) 
0.99(0.96-1.04) 

0.96(0.8-1.1) 
1.02(09 1.2) 

1.1 ( 1 . 00 - 1 . 3 ) 
1.1 (1.00-1.3) 
1.01 (0.9—1.2) 
1.1 ( 0 . 8 - 1 . 4 ) 
1.03(0,99 1.08) 

0.9 (0.8-1.1) 
0.9(08-1.1) 

1.1 (0.95-1.2) 
1.2(1.1-1.4) 
1.4(1.1-17) 
0,9(0,9-0.96) 

1.1 (0.9-1.4) 

0.9 (0.8—1.1) 

0.8 (0.7-1.0) 

I.IB (0.8-1,3) 
0.99(0.8-1.2) 
0.8(06-1.0) 

1.2 (0-8-1.7) 

0.97 (0.8-1.2) 
0.9 (0-7-1.0) 
0.99(0.8-1.2) 


0.95(0.8-1.1) 
0.9 ( 0 - 8 - 1 . 1 ) 
0.9(0-7-11) 
0.97(0.7-1.3) 

0.7(0-5-1-l) 
l.l (0-9-1. 6 ) 
1.8(1.3-25) 
Id (0.9-2.3) 


Adjusted for age at menarehe, age at first 
term hirth, purity, history of laclntion, 
family history of breast cancer, history of 
benign breast disease, alcohol intake and 
menopausal slants 


Adjusted for age, centre, education, parity, 
body-mass inde.s and reproductive factors 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2.1.9.2 (contd) 

Reference Smoking categories 
Country and 
years of study 


Relative risk Comments 
(95% Cl) 



liwzetd. 

1 20 pack-years 

0.9 (0.5-1.6) 

Cases of premenopausal bilateral b«aa 

(1996) 

> 20 pack-yeare 

1.0 (0.5-2.1) 

cancer at <50 years of age. 

USA, Canada 

Family history of breast 


Resul ts adj usted for age, alcohol, or 4 • •- 

Up to 1989 

cancer (n - 6)) 

0.9 (0.3-2 2) 

2.3 (0.7-6.1) 

contraceptive use. body-mass index | 


1-20 pack-years 
> 20 pack-years 

No family history (h = 78) 

education 

• ' ■ s 


1-20 pack-years 
> 20 pack-years 

0.8 (€.3-2.0) 
0.4(0.1-14) 

3 

Morabia eial. 

Former smoker (cig/day) 

3.3 (1.4—7.6) 
36(1.6-8.1) 

Reference group comprised subjects not 1 

(19%) 

Switzerland 

1-9 

10 19 

exposed to active or passive smoking J 

1992-93 

£20 

Ever-smoker (cig/day) 

1-9 

10-19 

£20 

Current smoker (cig/day) 
1-9 

10-19 

>20 

Pack-years 

5.7(1.54.8) 

2.2(1.0-4.4) 
27(1.4-5.4) 

4.6 (22-9.7) 

1.5(0.6-39) 

2.1(0.94.8) 

5.1 (2.1-12.6) 



<20 

>20 

2.1(1.04.5) 

2.9(1.44.0) 


Yooetal. 

Ever-smoker 


Results presented for progesterone ' ■ ' ^ 

((997) 

All 

1.3(1.14.5) 

receptor status were si mi tar to estrogen p 

Japan 

Estrogen receptor-positive 

1.4(1.0-1.9) 

receptor status. Adjusted for age at 4 

1988-92 

Estrogen receptor-negative 

1.3(09-2.0) 

diagnosis, current occupation, fami ly ^ 

history of breast cancer among first-degree 
relatives, menstrual regularity, menopausal j 

status, history of fijll-tcrm pregnancy, J 

alcohol use, age at menarche, age at 
menopause, age at first full-term 
pregnancy, number of fuli-teim 
pregnancies and average months of 

breastfeeding per child. 1 

Brunet eial. 

Ever-smoker 

0.5(07-0.8) 

Adj usted for parity, age at first birth, age i 

(1998) 

Packs/week 


at last birth and geographical area 

USA, Canada 

<5 

0.6 (0.4-1.1) 

NS 

>5 

Pack years 

£4 

>4 

0.3(07-0.8) 

07(0.4 1.2) 
0.5(07-0.8) 

i 

J 

i 

l 


j a l)|c 2.1.9-7 (tontd) 



|( { fOCTCS 

C<jun tr y and 
pw of study 

Smoking categories 

Relative ri* 

(95% CO 

Comments 

ghadirffl 

Ever-smoker 

0.7 (0.6-0.98) 

Adjusted for age, marital status, parity, age 

^(IW) 

Qoada 

1989-93 

Unripped cigareties 

0.4 (0.2-07) 

at first full-term pregnancy, history of 
benign breast disease and ovarian cancer, 
income and body-mass index 

Gttrjnoii 

Former smoker 

0.99(0.8-1.2) 

Women < 45 years of age. 

gAim 

Ever-smoker 

0.9(0.8-17) 

Adjusted for age, centre, usual alcohol 

USA 

1990-92 

Current smoker 

0.8(07-1.01) 

consumption,parity', age at first birth,age 
at menarche, breastfeeding, abortion, 
miscarriage, menopausal status, ever being 
married, education, income, race, body- 
mass index at age 20 years, body-mass 
index as an adult, oral contraceptive use, 
non-contraccprivc hormone use, caloric 
intake, history' of breast biopsy, family 
history of breast cancer 

Millikan ei at. 

Former smoker 

17(0.9-1.8) 

Adjusted for age, age ai menarche, age at 

(1998) 

Current smoker 

1.0(0.7-14) 

first full-term pregnancy, family history of 

USA 

Cigaret/es/day 


breast cancer, benip breast biopsy and 

1991-96 

<10 

11-20 

>20 

Duration (years) 

<10 

11-20 

>20 

Years since quitting 

17(0.8-1.6) 

17(0.9-1.9) 

17 (0.7-17) 

1.0(07-1.5) 
0.8(07 12) 
1.6(1.1-2 3) 

alcohol consumption 


>20 

10-19 

4-9 

S3 

1.1(0.74.9) 

0.8(0.5-L4) 

17(1.0-3.0) 

2.2 (174.0) 


Gammon 

rR53-positive 


Cases with tissue studies, aged <45 years. 

art (1999) 

Former smoker 

17(1.02-2.7) 

Adjusted for age, race, education, alcohol. 

USA 

Current smoker 

17(0.8-2.1) 

body-mass index, age at first birth, parity, 

1996-92 

rWJ-negative 


age at menarche, family history of breast 


Former smoker 

1.2(0.8 4.8) 

cancer, prior breast biopsy, caloric intake 


Current smoker 

Ratios of the odds ratios 

07(0.447) 

and electric blanket use. Data available on 
intensity, duration, pack-years and age at 


Former smoker 

l.4(0.8-2.4) 

start by TP53 status forever-smokers and 


Cunem smoker 

2.0(17-37) 

current smokers 


t 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,1.93 (contd) 


Reference 
Conntry3nd 
years of study 

Smoking categories 

Relative risk 
(95% Cl) 

Lush & 

Ever-smoker 

2.00.1-3.6) 

Aschengrau 

Current smoker 

2.3 (0.8—6.8) 

(1999) 

Cigaretlct/Jay 

USA 

120 

2.1 (1.0 46) 

198346 

>20 

Duration (years) 

1.6(0.6-43) 


0-19 

2.6(12-5.5) 


20-39 

1.5(0.7-32) 


>40 

Age al starting making 
(rears) 

2.4(1.1-5.5) 


a 21 

2.4(10-5.7) 


17-20 

23(1.0-5.5) 


<17 

Karrs since quilling 

3.4(08-7 2) 


>15 

23(1.0-4.9) 


5-15 

3.9(1.4-10) 


<5orcuirent 

23(0.8-6.8) 

Johnson el al. 

Premenopausal 


(200U) 

former smoker 

2.6(1.3-53) 

Canada 

F.ver-smoker 

2.3(13-4.5) 

1994-97 

Current smoker 
Postmenopausal 

1:9(0.9-38) 


Former smoker 

1.4 (0.9—2.1) 


Ever-smoker 

1.5(10-2.3) 


Current smoker 

1.6(10-25) 

Marcus etc! 

Former smoker 

1.1 (0.1-13) 

(2000) 

Current smoker 

12(0.9-1.5) 

USA 

Cigareiies/Jay 

1993-96 

<20 

1.0 (0.8—1.4) 


>20 

Duration (years) 

13(0.9-1.4) 


<20 

0.9(03-13) 


>20 

Age al starting smoking 
(years) 

13(1.1-1.8) 


>20 

1.2(0.8-15) 


15-19 

1.0(0.8-13) 


10-14 

1,5(09-2.5) 

limes & Byers 
(2001) 

USA 

1989-95 

Smoking during pregnancy 

3.1(1.3-73) 


Comments 



Ever smoked compared with subjects not 
exposed to active or passive smoke. 
Current smokers defined as persons wt$ 
had smoked within 5 years before 
diagnosis 


Referent groups were subjects not exposed 
to active or passive smoking. 


1 


fable 2.1.9.2 (contd) 


Inference 
Country 8tl ^ 

yearn of slwly 

Smoking categories 

Relative risk 
(95% CJ) 

Rropp* 

Oang-Clamle 

Former smoker 

1.2(0.8-17) 

Ever-smoker 

13(0.9-1.9) 

(2002) 

Gennady 

Current smoker 

1.5(10-2.2) 

Duration (years) 


1992-95 

1-9 

0.99(0.6-1.6) 

1999-200(1 

10-19 

1,4(0,9-2.2) 

*20 

Age at staling smoking 

(yean) 

15(1.0-2.2) 


9-15 

1.02(0.6-17) 


16-18 

13 (0.8-1.9) 


Pack-years 

1.5 0.0-2.4) 


<10 

13(0.8-1.8) 


11-20 

1.8(13-2.9) 


>21 

Years since quitting 

l.l (0.7-1.9) 


1-9 

1.0(0.98-2.8) 


10-19 

0.98(0.6-1.6) 


*20 

Hii^h exposure to active 

1.04(0.6-1.9) 


and passive smoking 

1.8(13-2.7) 


Women aged 20- 74 years with focus ou 
exposures during adolescence 


Women aged 26—45 years. Adjusted for 
age, age at first birth, maternal education, 
maternal race and marital status 


Comments 


Women diagnosed by age50 years. 

Never a ctive/never passive smokers used 
as referent. 

Adjusted for alcohol, total months of 
breast feeding, education, family history of 
breast cancer, menopausal status and 
body-mass index 
p for trend = <k04l 


p for trend = 0,015 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.9.3. Additional cohort studies on tobacco smoking and breast cancer: main characteristics of 
study design 


Reference 

Cohort sample 

Cases/deaths identification 

Comments 

Bennieke et al. 
(1995) 

Denmark 

1989-91 

All women referred for mammography to 
the radiology department of a large public 
hospital* aged 15-92 years 

Diagnosis of breast cancer 
from mammography and 
clinical examination 

Former smokers were included in 
the ‘smoker* category. 

van den Brandt 
et al. (1995) 
Netherlands 
1986-89 

62 573 women aged 55—69 years (all 
menopausal); cases taken from entire 
cohort; controls taken from a subcohort of 
1716 randomly sampled subjects 

Incident cases 

Case—control approach without 
matching; controls excluded cancers 
other than skin cancer. 

Thomas et al. 
(1997) 

China 

1989-91 

267 040 women working in the Shanghai 
Textile Industry Bureau, recruited for a 
randomized trial Of breast self- 
examination, bom 1925—58 

Cases identified primarily 
by trial workers during 
visits to the factory’s 
medical clinic 


Million Women 
Study Group 
(1999) 

UK 

1996-99 

121 000 women aged 50—64 years 
recruited nationwide when invited for 
routine breast screening; response rate, 

71% 

Cases identified by linkage 
with screening centres 

Study designed primarily to 
investigate use of hormone 
replacement therapy and risk of 
breast cancer 




Table 2.1.9.4. Cohort studies on tobacco smoking and breast cancer 


Reference 
Country and 
years of study 

Name of study 
No. of subjects 

No. of cases 

Smoking categories 

Relative risk 
(95% Cl) 

Comments 

Hiatt & 

Fireman 

(1986) 

(USA) 

1964- 80 

Kaiser 

Permanent e 
Medical Care 
Program Study 
84 L72 women 

1363 cases 

Current smoker 

Former smoker 
Nonsmoker 

Former smoker 

Current smoker 

Light 

Moderate 

Heavy 

Incidence rate 
1.4 

1.6 

1.3 

RR 

1.2 (1.0—1.4) 

1.0 (0.8-i.l) 
1.2(1.1-1.4) 

1.2 (0.9-1.6) 

Annual age-adjusted rate per 1 000 person—years 

Relative risks are comparable for pre- and post¬ 
menopausal women. 

Vattca & 

K.v inns land 

(1990) 

(Norway) 

1974-88 

Norwegian 

Screening 

Study 

24 329 women 

242 cases 

Cigarettes/day 

1-9 

5 IO 

Cases < SI years 

1—9 cigarettes/day 
^10 cigarettes/day 

Cases >51 years 

1 —9 cigarettea/day 

6 10 cigarettes/day 

Incidence rate 
ratio 

1.2 (0.9-1.7) 
09(0.6-1.2} 

1.1 (0.7-1.7} 

0.8 (0.5—1.2) 

1.0 (0.6-1.7) 

0.8 (0.5-1.3) 

Adjusted for age at entry, age at diagnosis, occupation 
and body-mass index 

Tverdal et al. 

(1993) 

(Norway) 

1972-88 

Norwegian 

Screening 

Study 

24 535 women 

70 deaths 

Never-smoker 

Former smoker 

Current smoker 

1—9 cigarettes/day 
£ 10 cigarettes/day. 

M orta 1 i ty ra te 

19.9 

18.8 

28.0 

29.4 

24.8 

Annual mortality rare per 1 00 OOO women 

Adjusted for age and area 


o 

CD 

> 

O 

o 

Q 
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Table 2.I.9.5. Relative risk of breast cancer In ever- versus never-smokers by 
stuily design and country 


Study (country) 

Reference 

No. of cases/ 
controls 

% ever smoked 
cases/controls 

Relative risk uf breast 
cancer in ever-versus 
never-smokers 
(standard error) 

1. Cohort studies 



. - 

Nurses Health Study (USA) 

Willett era/,(1987) 

1224/5599 

49/49 

1.01 (0.07) 

Iowa Women’s Health (USA) 

Oapstur el al. (1992) 

079/2725 

25/26 

0.93(0.10) 

Canadian NBSS (Canada) 

Friedenreich etal. (1993) 

181/802 

35/35 

1.25(0.23) 

Netherlands Cohnrt (Netherlands) 
van den Brandt etal (1995) 

119/504 

27/30 

0.89(0,23) 

American Cancer Society (CPS It) (USA) 
Thun etal. (1997) 

213/922 

34/33 

1.07(0.19) 

Million Women Study (UK) 

(1999) 

324/1291 

50/44 

1.24(0.15) 

Other 

Hiatt* Bawo! (1984); Mills el al. (1989); 
Land et al. (1994); Thomas eta/. (1997) 

1932/7655 

4/5 

0.78(0.12) 

All cohort studies 

4663/19398 

25/26 

1.00(0.04) 

ft. Case-control studies, population 
controls 




Bnnton (USA) 

Harvey etal. (1987) 

649/872 

29/26 

1.12(0.14) 

Rohan (Australia) 

Rohan & McMichael (1988) 

188/213 

35/32 

1.06(0.31) 

CASH(USA) 

Cho etal. (1989) 

1817/1821 

49/43 

1.28(0.08) 

Baiu/Siskind (Australia) 

Siskind el al. (1989) 

246/514 

32/29 

1.31 (0.26) 

Clarke (Canada) 

Rosenberg el al. (1990) 

114/211 

40/42 

0.88(0.31) 

(Denmark) 

Ewertz (1991) 

227/198 

59/57 

0.88(0.27) 

Paul Si Skegg (New Zealand) 

Sneydetti/. (1991) 

538/1058 

43/41 

1.09(0.13) 

Yang & Gallagher (Canada) 

Yang etal. (1992) 

505/517 

48/44 

1.15(0.17) 

Long island (USA) 

153/208 

37/34 

0.99(0,32) 


Weinstein e /al (1993) 
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Table 2.1.9.5 (cootd) 




Study (counOy) 

No. of cases/ 

% ever smoked 

Relative risk of breast 

Reference 

controls 

cases/cnnlrols 

cancer in everversus 
never-smokers 
(standard error) 

Rnokus & van Leeuwen (Netherlands) 
(1994) 

247/247 

52/51 

0.90(0.21) 

UK studies (UK) 

Smith e( al. (19941 

655/662 

47/45 

1.08(0.13) 

Dating (USA) 

White etal. (1994) 

211/286 

42/42 

0.87(0.21) 

Four-state study (USA) 

Longnecker el al. (1995a) 

1507/2247 

39/39 

1.07(0.09) 

Ross * Paganini-Ilill (USA) 

Longnccker etal. (1995b) 

578/590 

53/52 

1.02(0.13) 

(Slovenia) 

Primic-Zakelj etal. (1995) 

113/128 

29/30 

0.67(0.38) 

Stanford/H abel (USA) 
tossing etal-(1996) 

152/181 

52/49 

0.79(0.26) 

WISH (USA) 

Swanson et al. (1997) 

353/241 

59/68 

0.63(0.21) 

Bernstein (USA) 

Eager etal. (1999) 

336017 

30/48 

1.18(0.20) 

Magnusson (Sweden) 

Magnusson et al. (1999) 

1311/1312 

32/33 

0.91(0.08) 

McCredic * Hopper (Australia) 

McCredie et al (1998); Hopper et al. 

(1999) 

774/518 

38/36 

1.03(0.15) 

Chang-Claude (Germany) 

Chang Claudes al. (2000) 

168/251 

46/52 

0.94(0.25) 

Johnson (Canada) 

Johnson et al. (2000) 

974/1110 

42/40 

1.14(0.11) 

Other 

Lee et al. (1987); Adami et al. (1988); 
Yuan et al. (1988); Ursin er al. (1992); 
Wangef al. (1992); Morabia el al. (1996); 
Viladinernl. (1996); Gao etal. (2000) 

2851/3567 

) 1/13 

0.99(0.12) 

All ase-contrnl studies, papulation 
controls 

III. Case-control studies, hospital 
controls 

14 671/17 2 69 

36/35 

1.07(0.03) 

Le Gerber & Clavel (France) 

L eetal. (1986); Richardson et al (1989); 
Clavel etal. (1991) 

492/923 

18/24 

0.82(0.16) 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,1.9.5 (contd) 

Study (country) 

Reference 


Franceschi (Italy) 

La Vecchia el at. (1987); Fcmironi eld 
(1998) 

La Vecchia (Italy) 

La Vecchia er of. (1989) 

Vessey (UK) 

Meats ero/. (1989) 

Katsotyannj (Greece) 

Katsoayannie/tjl. (1994) 

Other 

Fenaroni aal. (1993); Levi eld. (1996) 

All case-control studies, hospital 
controls 


No. of cases/ '/.ever smoked Relativeriskrfbre^T 
controls cases/controfs cancer in ever-verajj 
never-smokers 
(standard error) 


0.82(0.10) 
0.71 (0.30) 


0.72(0.23) 


0-89 ( 0 . 06 ) 


2 2 255/90 832 33/30 


From Collaborative Group on Hormonal Factors in Breast Cancer Study (2002) 


TOBACCO SMOKE 
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2.1.10 Cervical cancer 

A positive correlation between the incidence of cervical cancer and other cancers 
jaoWD lo be related to cigarette smoking across populations prompted the hypothesis that 
smoking may affect the risk for cervical cancer (Winkelstein, 1977). Excess risk for 
cervical cancer among smokers has been observed in a number of case-control studies. 
However, the extent to which the relationship between smoking and cervical cancer 
reflected a causal association independent of infection with human papillomavirus (HPV) 
remained a cause for concern. It was believed that ihe association of smoking with 
cervical cancer may be causal, may reflect confounding or risk modification among 
women with HPV infection, or may even reflect causality via an effect of smoking on risk 
for HPV infection. 

In the earlier IARC evaluation of tobacco smoking (IARC, 1986), the Working Group 
noted that the effect of smoking is confounded by sexual behaviour variables, but the data 
were not adequate to remove the confounding effect, and that a reasonable conclusion 
from Ihe available studies of invasive cervical cancer is that the results, although they 
indicate a positive effect of smoking, are compatible with the residual effects of variables 
that play a fundamental role in the etiology of cervical cancer (IARC, 1986). At the time 
of the 1986 review, a specific causal agent had not been identified, but was proposed to 


be an infective agent related to sexual activity. 

. Infection with HPV is now' recognized as the main etiological factor for invasive and 
pre-invasive cervical neoplasia worldwide (IARC, 1995). Persistent infection with certain 
high-risk types of HPV, i.e. HPV 16, 18,31, 33, 45, 52 and 58, is considered lo be a 
necessary cause of invasive cervical cancer (IARC. 1995). Using the most sensitive poly¬ 
merase chain reaction-based assays, HPV DNA has been found in 99.7% of approxi¬ 
mately 1000 cervical cancer specimens from 22 countries worldwide (Walboomcrs et al., 
1995) 3nd odds ratios close to 10(1.0 for high-risk HPV types have been obtained in 
numerous case-control studies (IARC, 1995). Co-factors acting in conjunction with HPV, 
however, could be important for the development of cervical neoplasia or invasive 
cervical cancer. In order In investigate the possibility that smoking acts as a co-factor in 
conjunction with HPV in the production of cervical cancer, it is important to account accu¬ 
rately for the presence of HPV infection. Less than 10% of invasive cervical cancers have 
a histology of adenocarcinoma or adenosquamous-cet! carcinoma, whereas squamous-cel! 
types account for over 90%. This review, therefore, focuses on squamous-cell invasive 
cervical cancer; data for adenocarcinoma and adenosquamous-cell carcinoma are used for 
comparative purposes. 

Ten cohort studies and 31 case-control studies have provided information about the 
association of cigarette smoking with the incidence of invasive squamous-ceil cervical 
cancer and six cohort studies and 22 case-control studies evaluated the association of 
tobacco smoking with preinvasive neoplasms (cervical intraepithelial neoplasia (ON) and 
cervical cancel in situ). In addition, seven case-control studies evaluated the association of 
adenocarcinoma and adenosquamous-cell carcinoma with tobacco smoking. The charac- 
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teristics of and the main results from these studies are shown in Tables 2.1.10.1-2,110 
(see Tables 2.1,2.1.10.1 and 2.1.10.2 for details on study design). These tables are on» 
ni 2 ed by type of disease and level of control for HPV status. HPV status was conlrolledf 
in data analysis or by restriction of analyses to HFV-positive cases and controls. TweiW 
eight of the earliest case-control studies of invasive squamous-cell cervical cancer andf) 
case-control studies and one cohort study on the association of CIN with smoking did hoi 
control for HPV status (Tables 2.1.10.3-2.1.10.6). Four control studies of invasi'j] 
cervical cancer (Peng etal, 1991; Chichareon el al, 1998; Ngclangel el a!., 1998; W 
et al., 2001), and one cohort study (Moscicki et a!., 2001) and four case-control studic* 
(Muiioz etal., 1993; Ho eial, 1998; Yoshikawa clot., I999;Kjel!be!geraL,2000)ofC[N 
controlled tor HPV status by adjustment in the data analysis (Tables 2.1.10.7-2.1.10',9). 
More recent studies controlled for HPV status by restricting analyses to HPV-positive casS 
and controls. The results of eight case-control studies of invasive squamous-cell cervical . 
cancer (Bosch el a!.; 1992; Eluf-Neto et al. , 1994; Chaouki el al, 1998; Chichareon et a/ ;i ‘ 
1998; Ngdangel et al, 1998; Rolon et al., 2000; Hildesheim et al, 2001; Santos et il" 
2001) and two case-control studies of CIN (Olsen et al., 1998; Deacon el al., 2000) are 
shown in Tables 2.1.10,10 and 2.1.10.11. In addition, the results of six case-control studied 
that examined the association of adenocarcinoma and adenosquamous-cell carcinoma wiii' 
tobacco (Brintnn et al., 1986; Ursinera/., 1996; Chichareon etal., 1998; Ngclangel 
1998; Lacey et a!., 2001; Madeleine at al., 2001) are shown in Table 2.1.10.12. 1 

In these studies, the association between cervical cancer and smoking was not elimi¬ 
nated, even though most studies controlled lot several well-established risk factors for 
cerv ical cancer, including early age at first sexual intercourse, history of multiple sexual 
partners, low socioeconomic status and, in (he recent studies, infection with HPV. Most 
studies in which the risk values were not adjusted for HPV infection reported a relative 
risk of approximately 2.0 among smokers compared with nonsmokers. Women who hail 
smoked for a long period or at high intensity generally had the highest risk. In several 
studies, the relationship was restricted to, or strongest among, recent or current smokers! 
Home studies reported that the highest risk occurred among women who had started 
smoking late in life, but other studies reported the opposite effect, namely a higher risil “ 
among women who had begun smoking at young ages (La Vccchia etal., 1986; Daliiijj 
etal, 1996). In the studies that assessed the association of adenocarcinoma and adenrk 
squamous-«ll carcinoma of the cervix with smoking, there was generally no significant 
association noted for adenocarcinoma or adenosquamous-cell carcinoma of the cervix. 1 

Recent studies have chosen to control for the confounding effect of HPV as indicated 
by either the presence of HPV DNA in cervical cells or of anti-HPV serum antibodies in 
multivariate analytical models, or have restricted their analyses to HPV-positive cases and 
controls. 

Several of the studies reviewed, including the 1ARC multicentre pooled analysis of 19 
studies o( invasive cervical cancer (Plummer et al., 2003), examined tobacco smoking as 
a co-factor to HPV infection by restricting the analysis to HPV DNA-positive study parti¬ 
cipants, a decision justified by the necessity of HPV infection in the causation of invasive 



TOBACCO SMOKE <45 

((jvical cancer (Hildesheint ei al., 2001). The results from these analyses showed no 
jtjificant alteration in risk whether or not the study participants were HPV DNA-posi- 
Similarly, other studies that investigated the effect of smoking among HPV-sero- 
jriitive cases and controls found that the effect of smoking remained, and there was evi- 
jflte of a dose-response relationship. The association between smoking and invasive 
jprical cancer was not notably reduced by adjustment for a woman’s reported number of 
[iledine sexual partners, age at first sexual intercourse or other potential confounding 
ticlors (Hildesheim et al, 2001). Thus, the effect of smoking is unlikely to represent a 
jugate marker for a woman’s sexual behaviour. 

Cervical infeclion with HPV has not been iound to be consistently associated with 
. tt jucco smoking in cross-sectional studies (Plummer et al., 2003), Therefore, it would 
jppear that HPV is not a significant confounding factor for the association between 

. cervical cancer and smoking. . , •; 

The detection of HPV DNA has a different meaning for cases and control participants, 
la cases, HPV DNA-pOsiti vity indicates a persistent HPV infection, whereas some control 
participants may have a transient HPV infection or have been infected with HPV in the 
past and have cleared their infection. Given that the ascertainment of overall HPV pre¬ 
valence and the relative distribution of HPV types may differ according to status as case 
tecontrol, careful account of the type ofHPy infection (such as high-risk versus low-risk 

types) must be taken. ■ ' '' 

Persistent cervical infections with HPV have been shown to increase the risk of pro¬ 
gression of cervical dysplasia (Remmink el al, 1995). As there is currently no reliable 
marker of persistent HPV infection, case-control studies based on a cross-sectional 
measurement of HPV-DNA by polymerase chain reaction assays cannot distinguish 
between transient and persistent infections (Franco et al., 1999). To improve the likeli¬ 
hood that the effect being examined is that of smoking among persistent HPV carriers, 
analyses by some investigators were iimited to women who were HPV-DNA-positive for 
high-risk HPV types that are more likely to represent persistent infections than non-onco- 
genic types (Franco et al, 2001). Increased rate ratios for smoking were observed in one 
'tody that conducted these analyses (Hildesheim el al, 2001). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 


Table 2.1.10.1. Case—control studies on tobacco smoking and cervical cancer: main characteristics or study design 

Reference’ Number of cases and controls Criteria for eligibility and comments ~ 


Reference" 

Country'and years 
of study 

Tokubata <1967) 
USA 

Not Specified 


Thomas (1972) 

USA 
1965—69 

Williams & Horm 
(1977); Williams 
et at. (1977) 

USA, 

Not specified 
Harris et at. (1980) 
UK. 

1974-79 


Steliman et al. (1980) 

USA 

1974-77 

Wigle et al. (1980) 

Canada 

1971-73 


266 cases and 1463 controls 


324 cases, aged 15—50 years, and 
302 controls 


266 cases and 3198 controls 


237 cases and 422 controls 


332 cases and 1725 controls, 
aged 20-89 years 


. 676 cases (168 ICC and 508 
CIS) and 3644 controls, aged 
20-64 years 


Population-based study 

Cases and controls selected from county death registry among women ever married and 
having died after 1950 

Controls: breast cancer, heart and other non-cancerous diseases 
City and county directories used to Identify next-of-kin 
Response rates ^ 95% for both cases and controls 
Hospital-based study 
Cases histologically confirmed 

Controls: 1:30 probability sample of the I S-JO-year-old white female residents of the 
county having at least one smear on record from 1 965—69 

Cases and controls from the Third National Cancer Survey (57% of those selected for 
interview). Controls included all cases of cancer of other sites except lung, larynx, oral 
cavity, oesophagus and bladder [no matching]. 


Hospital-based study at two Oxford hospitals 

Controls attended gynaecological clinics during a similar period to the cases; a few 
additional controls had received an initial cervical smear at the Abingdon Health Centre; 
excluding controls who bad had hysterectomy or with history of cancer or severe mental 
illness 

Hospital-based Study 

Cases histologically confirmed 

Controls hospitalized for non-neoplastic diseases 

Analysis restricted to ever-married women, excluding former smokers 

Hospital-based study 

Cases histologically confirmed 

Controls comprised women with primary cancers unrelated to smoking and with benign 
breast neoplasma. 

^ — z* d= u e -3 -J »=. ■ f: iff “ ijLi 3. L- ^ 




Table 2.1-10.1 (contd) 


Reference" 
Country and years 
of study 


Number of cases and controls 


Criteria for eligibility and comments 


Buckley et at. (1981) 
UK 

1974-79 

237 cases and 422 controls, aged 
32—70 years 

Hospital-based study 

Cases histologically confirmed . 

Controls were women attending gynaecological care units for cervical smears, excluding 
those who had had hysterectomy or abnormal smear. 

Clarke et al. (1982) 
Canada 

1973-76 

178 cases, aged 20—69 years, and 
865 controls matched on age 

Population-based study among residents of York County, Toronto 

Cases histologically confirmed 

Controls selected from the same neighbourhood as the cases 

Berggren & Sjbstedt 
(1983) 

Sweden 

1974-78 

609 cases and 6090 controls, 
aged 15—65 years 

Popular ion-based study 

Cases histologically confirmed 

Controls were residents of the same geographical area as the cases, bom on the same day as 
the cases or soon thereafter, excluding women with previous history of cervical cancer or 
abnormal smear. 

Lyon et at. (1983) 

USA 

1975-77 

217 cases and 243 controls 

Population-based study among residents of the metropolitan area of Utah 

Cases histologically confirmed 

Controls selected by random-digit dialling to give an age- and geographically stratified 
sample of the same population 

Marshall et ai (1983) 
USA 

1957-65 

513 cases and 490 controls 
matched on age 

Hospital-based study 

Cases histologically confirmed 

Controls selected from a pool of patients with non-neoplastic diseases of sites other than 
the genitourinary and gastrointestinal tracts 

Trevathan et at. 

(1983) USA 

I9S0-81 

374 (194 mild/moderate 
dysplasia, 81 severe dysplasia, 

99 insitu) cases, aged 17—55 
years, and 2S8 controls 

Hospital-based study 

Cases histologically confirmed ' ' 

Controls with negative Pap smears and oo prior cervical biopsy selected from women 
attending the Family Planning Clinic 

Martin &. Hill (1984) 
South Africa 

1950-74 

257 case—control pairs, matched 
on age, number Of Children artd 
home area (age range, 22—89 
years) 

Hospital- and population-based study 

[% of histologically confirmed cases not indicated 

Controls free of cancer (no information on selection of controls)] 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.1 (contd) 


Reference" 
Country and years 
of study 


Number of cases and controls Criteria for eligibility and comments 


oo 


Clarke et al. ( 1 985) 
Canada 

1979-81 

Mayberry (1985) 
USA 

Not specified 


Baron et al. (1986) 

USA 

1957-75 

Brinton et al. {1986) 
USA 
1982-84 


La VecChia et al. 

(1986) 

Italy 

1981-84 


Peters et al. (1986) 

USA 

1980—81 


250 cases aged 20-59 years, and 
500 controls matched on age, 
neighbourhood and type of 
dwelling 

210 cases and 317 controls (data 
from previous study on HS V-2 
and Chlamydias trachomatis and 
Cervical cancer) 

1174 cases aged 40—89 years, 
and 2128 controls 

480 cases (inch 63 
adenocarcinoma or 
adenosquamous carcinoma), 
aged 20-74 years, and 797 
controlSj matched on telephone 
exchange, race and age 
155 ICC (aged 22—74 years) and 
169 controls 

89 CIN (aged 19-71 years) and 
i 18 controls 

Cases and controls matched on 

age 

200 cases and 200 controls, 
matched on race, date of birth 
and language of interview 


Population-based study among residents of the Toronto area 
Cases histologically confirmed 

Controls with intact uterus and no history of cancer identified from municipal records 

Hospital-based study 
Cases histologically confirmed 

Controls free of cervical abnormalities who attended gynaecological and birth control 
clinics at Che University of California Medical Center in San Francisco 
Hospital-based study 

Controls in the same age range, admitted during the same time period, with no diagnosis of 
cancer during hospitalization and no smoking-associated respiratory or circulatory diseases 
Population-based study in five cities reporting to the Comprehensive Cancer Patient Data 
System — Birmingham (AL), Chicago, Denver, Miami and Philadelphia 
Controls obtained by random-digit dialling 


Hospital-based study in six wards of three major university hospitals in Milan 
Cases histologically Confirmed ,. 

Controls for ICC admitted for acute conditions other than malignant, hormonal or 
gynaecological disorders; controls for CIN were women with normal cervical smear from 
the same screening clinics 

Population-based study 
Cases histologically confirmed 

Controls identified by an algorithm defining a sequence of houses in the neighbourhood 
where the case lived at diagnosis 


P 
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Table 2.1.10.1 (contd) 1 


Reference* 

Country and years 
of study 

Number of cases and controls 

Criteria for eligibility and comments 

Celentano et al. 

(t987) 

USA 

1982-85 

1 53 cases and 153 controls, 
matched on age, race, residence • 
within neighbourhood. Intact 
uterus 

Population-based study among Maryland residents referred to the Division of Gynecologic 
Oncology at John’s Hopkins Hospital, MD 

Cases histologically confirmed 

Controls without history of cervical cancer obtained by case nomination (97), canvassing 
neighbourhood (49) and from senior citizen centres (7) 

Ebeling et al. (1987) 
Germany 

1983-85 

129 cases and 275 controls 

Hospital-based study 

Cases histologically confirmed 

Controls identified at the Skin Disease Hospital and at the Orthopaedic University 

Hospital, which drew patients from the same area as the gynaecological hospitals; women 

with venereal diseases, prior CIN and prior hysterectomy excluded 

Nischan et al.'{ 1988) 
Germany 

1983-85 

225 cases, aged 64 years or 
younger, and 435 controls, 
matched on age 

Hospital-based, study in four hospitals in Leipzig 

Cases histologically confirmed 

Controls, excluding women with venereal diseases, prior CIN and prior hysterectomy, 
identified at the Skin Disease Hospital and at the Orthopaedic University Hospital 

Brocket of. (1989) 
Australia 

1980-83 

116 cases, aged 18-65 years, and 

193 controls, matched on age 

Population/based study within the Sydney metropolitan area 

Cases histologically confirmed 

Controls selected from the files of the family doctor or from a university-affiliated general 
practitioner from the same residential area 

Herrero et al. (1989) 
Colombia, Costa 

Rica, Mexico, 

Panama 

1986-87 

667 cases, aged less than 

70 years, and 1430 controls 

Hospital- and comm unity-based study 

Cases histologically confirmed 

Hospital controls selected from primary referral hospitals (Costa Rica and Panama); from 
eight tertiary level government hospitals (Bogota); and from three Social Security hospitals 

(Mexico City); all hospitals located in the area of residence of the coses 

Community controls randomly selected from current census listings of the corresponding 
ease’s county of residence 

Slattery et al. (1989) 
USA 

1984-87 

266 cases, aged 20—59 years, and 
408 controls, matched on age 
and residence 

Population-based study in the urban areas of* Utah 

Cases histologically confirmed 

Controls selected using random-digit dialling; women who had had a hysterectomy before 


1984 excluded 


§ 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.1.10.1 (coittd) 

Reference* 1 Number of cases and controls 

Country and years 
of study 


Licciardone et al. 
(1989) 

USA 

1984-86 

Cuzick et al. (1990) 
UK 

1984—88 


33 ] cases and 993 controls 
matched on age 


497 cases (110 CIN I, 103 CIN 
n, 284 CIN III), aged 18-39 
years, and 833 controls 


Jones et al. (1990) 

USA 

1982-84 

Pengcf al (1991) 

China 

1987-88 


Bosch et at. (1992, 
1993) : Mufloz et al. 
(1992, 1 993) 

Spain, 1 985—87 
Colombia, 1985-88 
Coker et al. (1992) 
USA 

1987—S8 


293 cases, aged 20-74 years, and 
8Q1 controls, matched on race 
and age 

101 cases, and 146 controls 
selected to provide a similar 
distribution of age and 
occupation 

525 cases,aged less than 
70 years, and 512 controls, 
matched on age, place of 
recruitment and date of cytology 

103 cases (40 CIN II and 63 CIN 
III), aged 18-45 years, and 268 
controls 


Parazzini et al. (1992) 
Italy. ..*. 

1981-90 


366 cases (58 CIN J, 70 CIN II, 
238 CIN III), aged 18—59 years, 
and 323 controls with 
comparable age distribution 


'-iyi. il ■■nw«W I.I*» 


Criteria for eligibility and comments 


Cancer registry-based study 
Cases histologically confirmed , 

Controls randomly selected from other patients reported to the Missouri Cancer Registry 
during the same time period after exclusion of cancers at smoking- or alcohol-related sites 
Population-based study in the London area 
Cases histologically confirmed 

Controls: randomly selected patients of local general practitioners or family planning 
clinics in the catchment area from which cases were drawn 

Population-based study in Birmingham, Chicago, Denver, Miami and Philadelphia 
Controls ascertained using random-digit dialling 


Hospital-based study in Chengdu, Sichuan 
Cases histologically confirmed 

Controls: patients admitted to the gynaecological ward/clinic, excluding women with 
abnormal cervical cytology, prior hysterectomy, or vulvar cancer 

Population-based study in nine provinces in Spain and in one city in Colombia (Cali) 
Cases histologically confirmed 

Controls with normal cytology ox with inflammation only (Pap smear grades I and 11) 
randomly selected from the population that generated the qasesj included only those 
women who had not had previous treatment for cervical cancer or a hysterectomy. 
Hospital-based study in North Carolina 
Cases histologically Confirmed 

Controls* University of North Carolina Hospital Family Practice Center patients receiving 
routine Pap smear and having normal cervical cytology 
Hospital-based study in Milan 
Cases histologically confirmed 

Controls: women with normal cervical smears interviewed at the same screening chirio 
where cases were identified 



Table 2.1.10.1 (contd) 


Reference* 

Country and years 
of study 

Number of cases and controls 

Criteria for eligibility and comments 

Becker et al. (1994) 
USA 

1989-92 

201 cases, aged 1 8^10 years, and 
307 controls 

Hospital-based study in the Albuquerque metropolitan area 

Cases histologically confirmed 

Frequency-matched controls, with normal cervical cytology, selected from the same clinics 
to which cases were referred for colposcopic examination 

Eluf-Neto el al. 

(1994) 

Brazil 

1990-91 

199 cases, aged 25-79 years, and 
225 controls, matched on age 

Hospital-based study in seven hospitals in SSo Paulo City 

Cases histologically confirmed 

Controls scLected from the same hospitals, excluding women with known risk factors for 
cervical neoplasia, treated for gynaecological conditions, or having had hysterectomy or 
conization. 

de Vet et al. (1994) 
Netherlands 

Not specified 

257 cases, aged 20-65 years, and 
705 controls, matched on age 

Multicentre randomized clinical trial 

Cases histologically confirmed 

Controls: random sample of the female population of three cities and one neighbouring 
village for each city; subjects with recent pregnancy, diabetes mellitus or severe bowel or 
liver dysfunction excluded 

Lazcano-Ponce et al. 
(1995) 

Mexico 

1990-92 

397 ICC, 233 CIN Ill and 1005 
controLs 

Population-based study 

Cases histologically confirmed 

Controls: random sample from houses in the Mexico City metropolitan area 

Stone eial. (1995) 
Costa Rica 

1982-85 

564 cases (415 carcinoma in situ « 
149 invasive cancer), aged 25— 

59 years, and 764 controls, 
matched on age 

Population-based study 

Cases histologically confirmed, identified through the Costa Rican National Tumor 

Registry 

Controls selected from a national multistage probability household survey 

Cuzick et al. (1996) 
UK 

1985—91 

121 cases, aged 40 years or 

younger, and 241 controls, 
matched on age 

Population-based study 

Cases histologically confirmed 

Controls drawn from the same general practitioner as the cases 

Dal ing et al- (1996) 
USA 

1986-92 

3 14 cases, aged ] 8—74 years, and 
672 controls, matched on age 

Population-based study 

Cases histologically confirmed 

Controls identified using random-digit dialling 


3006392366 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.1 (contd) 


Reference 3 
Country and years 
of study 


Number of cases and controls 


Criteria for eligibility and comments 


Hirose et al. (1996) 

Japan 

1988-93 

Kjaer et al. (1996) 
Denmark 
1987—88 

Ursin et al. (1 996) 

USA 

1977-91 

Chaouki et al. (1998) 
K-lorocco 

1991-93 


Chic hareon et al. 
(1998) 

Thailand 

1990-93 

Ho */#/.-(1998) 

USA 

1992-94 


556 cases, aged 18 years or 
older, and 26 751 controls 

645 cases (586 carcinoma in situ, 
59 invasive cancer), aged 20-49 
years, and 614 controls, matched 
on age 

195 cases and 3S6 controls, 
matched on age, race and 
neighbourhood 

214 cases, aged 18-80 years, and 
203 controls, matched on age 


33R cases (including 39 with 
adenocarcinoma/adenosquamous 
carcinoma) and 261 controls 


258 women with HPV infection 
(163 C1NI, 51 CIN II and 44 
CIN III) 


Hospital-based Study 

Cases histologically confirmed 

Controls: first-visit outpatients with no prior diagnosis of cancer 

Population-based study among women living in greater Copenhagen 
Cases histologically confirmed 

Controls identified by random sampling using the computerized Danish Central Population 
Register r 

Population-based study in Los Angeles County, CA 
Cases histologically confirmed 

Controls identified by visiting houses in the cases* neighbourhood according to a 
predetermined algorithm 

Hospital-based study in Rabat 
Cases histologically confirmed 

Controls from the same cancer hospital and a nearby general hospital, excluding women 
with a history of hysterectomy or conization, afid conditions related to risk factors for 
cervical neoplasm (other anogenital cancers, cancers of the breast, oral cavity, oesophagus, 
lung, bladder and liver, cardiovascular diseases, chronic bronchitis, emphysema and 
sexually transmitted diseases) 

Hospital-based study in Hat-Yai 
Cases histologically confirmed 

Age-stratified controls without anogenital tract cancers, cancers of the breast, 
endometrium, ovary, colon, benign genital tumours, tobacco-related diseases or history of 
conization or hysterectomy, selected from the same hospital 
Hospital-based study in New York 
Cases histologically confirmed 

Reference population constituted of women with CIN I. Eligifc y criteria included having 
bad cervical biopsy and/or endocervical cureUage on the day r itmeut, not being 

pregnant, no history of cancer and having an intact cerv / \ 


O 
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Table 2.1.10,1 (contd) 


Reference* 
Country and years 
of study 


Number of cases and controls 1 . . Criteria for eligibility and comments . 



Kanetsky et al. 

(1998) 

USA 

1993—95 

32 cases (12 CIN I, 10 CIN II, 9 
ClN II 1/CIS, I upgradable CIN), 
aged 18 years and above, and 

113 controls 

Ngelangel et al. 

(1998) 

The Philippines 
1991-93 

356 cases (including 33 with 
adcnocarcinoma/adcnO aqu amous 
carcinoma) and 381 controls 
matched on age 

Olsen etal. (1998) 
Norway - 
1991-92 

90 cases (10 CIN Jl, 80 CIN 111), 

aged 20—44 years, and 216 
controls 

Parazzini et at. (1998) 
Italy 

1981-93 

261 cases, aged less than 

45 years, and 257 controls 

Hsiehcitf/. (1999) 

China, Province 
of Taiwan 

Not specified 

Yoshikawa et al. 
(1999) 

Japan 

1995-96 

183 cases and 293 controls, 
matched on age, marital Status 
and residential area 

167 cases (94 CIN I, 40 CrN n, 

33 CIN III), aged 55 years or 
younger, and 167 controls, 
matched on age and hospital 

K.j ell berg et al. 

(2000) 

Sweden 

1993-95 

122 cases, aged 25—59 years, and 
346 controls 


Hospital-based study at the Harlem Hospital Center 
OSes histologically confirmed 

Controls: HIV-negative, black, non-Hispanic women with normal cervical cytology 
recruited from the gynaecology and family planning clinics 
Hospital-based study in Manila 
Cases histologically confirmed 

Controls without diseases associated with known risk factors for cervical neoplasia and no 
history of conization or hysterectomy, selected from the same hospital 

Population-based study in Oslo 
Cases histologically confirmed 

Controls without cervical dysplasia enrolled from an age-stratified random sample of 
women obtained through the Norwegian Central Population Register 

Hospital-based study 

Cases histologically confirmed 

Controls aged less than 45 years, admitted to the same network of hospitals for acute 
conditions unrelated to cervical cancer risk factors,.and belonging to the same catchment 
areas as cases 

Population-based study in Taipei 
Cases histologically confirmed 

Controls randomly selected from local household registration offices 

Hospital-based study in nine hospitals 
Cases histologically confirmed 

Controls selected from subjects with normal CeTVIC&l Cytology 

Population-based study in northern Sweden 
Cases histologically confirmed 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.10.1 (contd) 


Reference" Number of cases and controls 

Country and years 
of study 


Criteria for eligibility and comments 


Rolon et al. (2000) 
Paraguay 
l98£—90 


Lacey et al. (2001) 

USA 

1992-96 


Madeleine et al. 

( 2001 ) 

USA 

1990-96 

Santos et al. (2001) 
Peru 
1996-97 


113 cases, aged 18-85 years, and 
91 controls, matched on age 


263 cases (124 adenocarcinoma, 

139 squamous-cell carcinoma), 
aged 18—69 years, and 307 
controls, matched on age, race 
and geographical region 
150 cases, aged 18—70 years, and 
651 controls, matched on age 


198 cases (173 squamous-cell 
carcinomas and 25 
adenocarcinoma/adenosquamous 
carcinomas) and 196 controls, 
matched On age 


Hospital-based study in Asunci6n 
Cases histologically confirmed 

Controls without cervical cancer and with no history of conization or hysterectomy 
selected from outpatient clinics at the same hospitals; exclusion criteria included diseases 
associated with cervical cancer risk factors (anogenital tract cancers, tobacco-re I a ted 
diseases and cancer of the breast, endometrium, ovary or colon) 

Multicentre population-based study 
Cases histologically confirmed 

Controls identified through random-digit dialling, excluding women with hysterectomy 


Population-based study 

Cases histologically confirmed, identified through the SEER Cancer Surveillance System 
Controls identified using random-digit dialling among residents at reference date of The 13- 
county area in western Washington state; women with an intact uterus, who spoke English 
Hospital-based study in two hospitals tn Lima 
Cases histologically confirmed 

Controls selected from women without cervical cancer or history of conization or 
hysterectomy, attending the same hospitals; exclusion, criteria included diseases associated 
with known risk factors for cervical cancer (cancers of the anogenital tract, tobacco-related 
cancers and cancer of the breast, endometrium, ovary or colon) 


" Studies published after 1986, or before 1986 but not included in Volume 38 of the I ARC Monographs 
ICC* invasive cervical cancer; CIS, carcinoma in situ; C1N, cervical intraepithelial neoplasia 




III '/A^ DeS i r,Pt, ? tl of additional cohort studies on tobacco smoking and cervical cancer, cervical Intraepithelial 
neoplasia (CIN) and carcinoma in situ (CIS) (with or without control for human papilloma virus (HPV) status) 


Reference 

Country and years 
of study 

Name of study 

Cohoit sample 

Wright et al. (1978); 

Zorvdervan et al. 

(1996) 

Oxford Family 
Planning 

Association Study 

17 032 women recruited in 17 large 
family planning clinics in England and 
Scotland, aged 25—39 years 

1968-77 

Beral et al. (1988) 

UK 

1968-87 

Royal College of 
General 

Practitioners’ Oral 
Contraception Study 

47 000 women aged >15 years, half 
of whom were using oral 

Contraceptives at recruitment 

Gram et al. (1992) 
Norway 

1979-89 

TromsO Study 

8 143 women aged 20—49 years living 
in TromsO with at least one negative 
test for ON between 1977 and 1980 

Schiffman 
etal. (1993) 

USA 

1989—90 


2 1 146 women presenting for routine 
Pap smear screening 

YlitaJd etal. (1999) 
Sweden 

1969-95 


146 889 women bom in Sweden and 
resident in Uppsala between 1969 and 
1995, aged ^ 50 years, and having had 
at least one smear test 

Moscicki 
etal. (2001) 

USA 

1990-2000 


496 women examined at 2 family 
clinics with normal cytological 
findings at baseline and first follow-up 

excluding those testing HPV-negative 
al any time during follow-up 


Cases/deaths Comments 

identification 


Cases ascertained by 
follow-up in clinics 


Cases ascertained by Study designed primarily to investigate 
general practitioners oral contraceptive use and female genital 

cancer 


Cases ascertained by 
linkage to the Pathology 
Registry of the 
University Hospital 
Cases diagnosed at the 

Kaiser Permanente 
clinic 


Participants were followed for 
development of CIN MI or cervical 
cancer 


Nested case—control study without 
matching; HPV-positlve: 81% cases, 

18% controls 


Cases identified through 
National Cancer 
Registry 


Cases ascertained at the 
clinics 


Nested case—control study; controls 
randomly selected among cohort, 
matched by date of entry into cohort (± 
90 days), year of birth; with intact uterus 
and without history of prior in situ or 

invasive cervical carcinoma 
Study designed primarily to investigate 
development of low-grade squamous 
intraepithelial lesions in 1 IPV-infected 
women 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 2.1.10.3. Case—control studies on tobacco smoking and invasive cervical cancer (ICC) (without control for human papilloma¬ 
virus (HPV) status) 


Reference 

Relative risk (95% CT) 



Adjustment factors 

Comments 

years of study 

Ever Current 

Former 

By quantity/duration 



Tokuhata (1967) 
USA 

Not specified 

1.2 




Similar in white and black - 
women 

Williams & Hoim 
(1977) 

USA 

Not specified 



Pack—years Invasive 

*20 1,2 

21-39 1.6 

^ 40 1.8 

After adjustment for race, 
no. of chiJdre/i, 

socioeconomic 
indicators, a ‘mild’ 
positive association 
remained. 

266 cases 

Steliman et al. 
0980) 

USA 

1 974-77 

Wjgle et al. 

(1980) 

Canada 

1971-73 

Invasive. 2.0 
CIS. 3.8 

Invasive, 1.0 
CIS, 1.3 

Risk ratios for >10 cigarettes/day ranged from 1.4 to 1.6 before 
adjustments and from 1.2 to 1.3 after adjustment for age and 
socioeconomic status, the value depending on the amount smoked. 
Smokers of < 10 cigarette s/day have a relative risk of < I. 

Pack-years Invasive No adjustment made far 

• < 10 1.2 social or sexual 

. H-20 1.7 variables 

21-30 2.1 

a 3 l 2.7 

Socioeconomic status has 
little confounding effect; the 
reduction of relative risks 
after adjustment is due mainly 
to age. 

Buck ley ei al. 
(1981) 

UK 

1974-79 

Combined risk (dysplasia, CIS, 
ICC) 

7.0 2.8 

7.8 3.7 

3.2 ' 2.7 


No adjustment 

No. of sexual partners 
of husband 

Smoking of husband 

Relative risk 35 among small 
series oFmultiple-partner 
women wjth husbands who 
smoked versus those with 
nonsmoking or formerly 
smoking husbands 




Table 2.1.10.3 (contd) 


Reference 
Country and 
years of study 

Relative risk (95% Cl) 




Adjustment factors Comments 

Ever 

Current 

Former 

By quantity/diirBtion 



Clarke et al. 
(1982) 

Canada 

1973-76 


2.3 (1.6-3.3) 

1.7 (1.0—2.8) 

< % pack/da y 

> l packfday 

2.2 

2.9 

Age, education, age at 
first intercourse, sexual 
stability 

Marshall el of. 
(1983) 

USA 

1957-65 


1.6 0.2-2.1) 

0.8 (0.5-1.4) 

< !4 pnek/day 
'/*—] packs/day 

1—2 packs/day 
> 2 packs/day 

1.7 (1.1-2.6) 

U7 (1.2^2.3) 
1.0 (0.8-1.2) 
0.4 (0.2-1.2) 


Baron et at. 
(19S6> 

USA 

1957-7 5 




l*-14 packs/year 
e. 15 packs/year 

1.4 (L.1-1.7) 

1.5 (l,5-2.2) 

Age. marital status, no. 
of pregnancies 

Brinton et al. 
(1986) 

USA 

1982-84 

1,5 (l. 1-1.9) 

1.5 (1.2-2.0) 

1.3 (0,9-1.9) 

Years of smoking 

■< io 

10-19 

2(K29 

30—39 

S 40 

Cigarettes/Jay 
< 10 

10-19 

20-29 

40 

1.1 (0.7-1.7) 

1.6 (1.1-2.4) 

1.3 (0.9-2.0) 

1.5 (1.0-2-4) 

2.2 (1.2-4-2) 

l.l (0.6-1.7> 

1.3 (0.9-2.0) 

1.5 (1.1-2.1) 
2.4(1.44.1) 

Age, race, no. of sexual 
partners, age at first 
intercourse, education 

p < 0.001 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10*3 (contd) 


Reference 
Country and 
years of study 


Relative risk (95% Cl) 


Ever 


Herrero et al. 
0989) (contd) 


Licciartfone etal. 
(1989) 

USA . 

1984-86 


By quantity/duration 


1.7 <1.0-2,9) 


Adjustment factors 


Ever-smoker 

HPV negative 

0.9 (0.7-1.3) 

Cigavenes/day 
< 10 

1-0 (0.7-1.5) 

2 10 

0.8 (0.5-1.3) 

Age al starting 

Smoking (years) 

>30 

1.4 (0.7-2.9) 

5 30 

0.9 (0.6-1.2) 

Duration of smoking 

(years) 

< 10 

1.0 (0.6-1 J) 

10-19 

1.0 (0.6-1.6) 

>20 

0.9 (0.6-1.5) 

Ever-smoker 

H P v positive 

6.3 (4.3-9.2) 

Cigareltes/day 
< JO 

5.5 (3.5-8.3) 

& 10 

8.4 (4.4-16.2) 

Age at starting 
Smoking (years) 

> 30 

13.1(5.7-29.0) 

5 30 

5.1 (3.4—7.8) 

Duration of smoking 

(years) 

<10 

5.7(3.0-10.6) 

10-19 

5.9 <3.1-H.l) 

> 20 

6.6(3.6-12.1) 

< J pack/day 

2.2(14-3.6) 

£ 1 pack/day 

3.9 (2.7-5.6) _L, 


consumption. stage at 
diagnosis 



Table 2.1.10.3 (contd) 


Reference 

Relative risk (95% Cl) 




Adjustment factors 

Comments 

years of study 

Eve. 

Current 

Former 

By quantity/duration 




Bosch et al. 

(1992) 

Spain, 1985-87 
Colombia, 1985— 
88 

Eluf-Neto et al. 
(1994) 

Brazil 

1990—91 

1.5 <1-0-2.2) 

1.5(1.0-2.3) 





Age, centre, HPV status 
by PCR-. no. of sexual 
partners, education, age 
at first birth, previous 
cytology screening 

Age and socioeconomic 
status 


Lazcano-Poxi Cc 

et at. (1995) 
Mexico 

1990-92 

Stone etal. 

(1995) 

Costa Rica 

1982-85 

1.3 <0.9-1.3) 



Never smoker 

1st tertile 

2nd tertile 

3rd tertile 

1.0 

1.4 (0.96-2.1) 
1.2 (0.78-1.8) 
1.3(0.81-1.9) 

Age. socioeconomic 
status, age at sexual 
intercourse, no. of 
sexual partners 

Age .. 

Terttles of tobacco 
consumption 

Cuzick et al. 

(1996) 

UK. 

1985-91 


1.2 (0.7—2.3) 

1.3 (0.7-2.6) 

Pack—years 

0.1-5 

6-10 

1 1-20 
> 20 

1.3 (0.6—2.6) 

1.8 (0.8-4.1) 

0.9 (0.4-1.9) 

1.7 (0.6-4.7) 

No. of sexual partners, 
age at first intercourse 

p for trend — 0.54 


> 

Q 

n 

o 


<y- 


3006392371 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.1.10.3 (contd) 


Reference Relative risk (95% CJ> 

Country and — : ------------- 

years of study Ever Current Former By quantity/duiation 

Parazztni et al. 1.1(0 8-1.7) 1.3 (0.6-2.B) Cigarettes'day 

(1998) ’ < 5 1 0.9 (( 

Italy 5^ 14 1,6 (I 

19S1-93 £ 15 0.9(1 

Hsieheta/. 1.4 (0.4—5.3) 

(1999) 

China, Province 

of Taiwan ' 

Not specified ' 

Cl, confidence interval; CIS. carcinoma in situ-, PCR, polymerase chain reaction; HSV, herpes simplex * 


0.9 (0.4—2.3) 
1.6 (0.8—2.9) 
0.9 (0,5—i.5) 


Adjustment factors 


Age, education, 
calendar year, parity, 
no. of Sexual partners, 

oral contraceptive use 
Age, educational level, 
monthly family income 


Subjects aged <45 years 


3006392372 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.4. Cohort studies on tobacco smoking and invasive cervical cancer (ICC) (without control for 
human papillomavirus (HPV) status) 


£ 


Reference 

Country and years 
of study 

Name Of Study 

No. of cases 

Smoking categories 

Relative risk 
(95% Cl) 

Adjustment factors/comments 

Hlrayama (1975) 

Six-prefecture Study 

28S deaths 

Current smoker 

1.7 

Standardized mortality ratio 

Japan 

142 857 women 


Cigarettes/day 


(SMR) 

1965-73 



< 20 

f.S 


_ 



20-29 

. 3.5 


Garfinkel (1980) 

Cancer prevention 

308 deaths 

Nonsmoker vs entire 

SMR 


USA 

Study (CPS) ! 


cohort 

0.87 


1959-72 

590 562 women 





Hirayama (1985) , 

Six-prefecture Cohort 

- Deaths 

Cigarettes/day 

SMR 


Japan 

Study 

(no. not 

1-24 

1.6 


1965—S L 


specified) 

>25 

1.9 

p for trend < 0,0001 

Beral et at. (1988) 

47 000 women 

65 ICC 

Cigarettes/day 


Age, parity, smoking, social class, 




0 

5.4 

no. of previously normal cervical 

1968-87 



1-14 

1.1 

smears, history of sexually 




> 15 

0,9 

transmitted diseases 

Tverdal et al (1993) 

Norwegian Screening 

23 deaths 


Mortality rate 

Age, area; annual mortality 

Norway 

Study 


Nonsmoker 

5.1 

rate/100 000 women 

1972 S8 

24 535 women 


Former smoker 

5.2 





Current smoker 

11.4 





Cigarettes/day 

RR 





1—9 

1.0 





> 10 

2.1(1.0-5.5) 


Engeland et at. 

Norwegian Cohort 

86 cases 

Current smoker 

2.5 (1.6—3.9) 

No significant difference was 

(1996) 

Study 


Cignrettes/day 


observed for age at start of 

Norway 

14 269 women 


<5 

1.9 (1.0-3.6) 

smoking, type of cigarette or 




5-9 

3.3 (1.9-5.8) 

urban/rural residence. 




a 10 

2.4 (1.2—4.8) 



Table 2.1.10.4 (contd) 


Reference 

Country and years 
of study 

Name of study 

No. of cases 

Smoking categories 

Relative risk 
(95% Cl) 

Adj ustment factors/co m men ts 

Zondervan et at. 

(1996) 

UK 

10 years 

17 000 women 


Cigarettes/day 
< 1 (nonsmokcr) 
1-4 
> 15 

1.0 

0.8 (0.3—2.5) 

3.1 (1.3-7.3) 


Nordlund etal 
(1997) 

Sweden 

1 964-89 

Swedish Census Study 

13$ oases 

Former smoker 
Current smoker 
Cigarettes/day 

1-7 

8-15 

£ 16 

Age at starting 
smoking (years) 
20-23 
< 19 

1.01(0.4-2.8) 
2.5 (1.7-3.7) 

2.3 (1.5-3 *7) 

2.4 (1.4-4.2) 

4.0 (2.0-8.1) 

0.6 (0.2-1 -6) 

1.9 (1.0-3.8) 

p for trend 0.06 

Tuiinius et al. (1997) 
Iceland 

1968—95 

Reykjavik Study 

155 800 women 

40 cases 

Former smoker 

Current smoker 

(cigarettes/day) 

1-14 

1S—24 
> 25 

1.2 (0.4—3.9) 

2.6 (1.2-5.7) 

2.5 (1.0-5.8) 

1.7 (0.2-13) 

Age 

Li aw <fc Chen (1998) 
China, Province 
of Taiwan 

1982-94 

Taiwanese Study 

6 deaths 

Current smoker 

5.3 (0.6-46.8) 



Cl, confidence interval 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.5. Case—control studies on tobacco smoking and cervical intraepithelial 
papilloma virus (HPV) status) 


Reference Type of disease 

Country and 
years of study 


Relative risk (9534 Cl) by smoking status 
Ever Current Former 


neoplasia (CIN) and carcinoma in situ (CIS) (without control for human 

Relative risk (9SW Cl) Adjustment Comments 


Thomas 104 carcinoma, 

(1972) 105 dysplasia 

USA (as nt biopsy) 

1965-69 


Thomas 209 CIS and 

(197J) dysplasia 

USA 
1965-69 


Dysplasia, 

1.2 

Carcinoma, 

0.8 

Total, I. I 
CIS. 1.7 
Dysplssila, 
1-2 

CIS. 1.5 
Dysplasia. 


Harris e< at. Dysp las ia/C IS 

(1980) 

UK 

1974-79 


Wigle et at. 168 invasive, 

<1980) 508 CIS 

Canada 
1971-73 


Cigas-otresAday 


0 10 

I- 1J 2.2 

1^-19 2.5 

*20 2.1 

Invasive, 2.0 Invasive, 1.0 Pack—years CIS 

CIS.3.S CIS, 1.3 ■= 10 2.8 

II- 20 4.0 

21-30 3.9 

S31 3.7 


13 variables, including Risk among usen of oral 

“8* contraceptives 


Variety of Social factors 'Cases and control* did not 
differ significantly by the 
proportion that had ever 
smoked regularly, the 
proportion that imtsked when 
interviewed, amount smoked, 
□t age at which smoking 
Matted.* (statement by authors) 

Age. no. of sexual 
partners, pregnancy 
outside marriage, years 
of oral contraceptive 

P for trend ■ 0-003 

No adjustment made for 
Social or sexual variables 


-4* 


Table 1.1.10.5 (could) 

Reference Type o f disease 

Country and 
yean of study 


Relative risk <9S% Cl) by smoking status B-y Qianlity/ 

- - -- duration 

Ever Cuirertt former 


Hockley et at. 17 preinvasive. 7.0 

(1981) 14 invasive 7.8 

UK reporting only 

1974-79 I sexual 3-2 

partner 2.2 


3.8 

3.7 

2.7 Before adjustment 

2.0 After adjustment 


Relative risk (95V»CI) 


Adjustment factors 


Matched 

No. of sexual partners of 

husband 

Smoking of husbands of 


Berg Bren Sl 
SjOstedt 
(1963) 
Sweden 

1974-78 


609 

preinvasive 


Lyon ct at. CIS 
(1083) 

USA 

1975-77 


Trevathan Mild to 

etah (J983) moderate 

USA dysplasia 

1980-81 Severe 

dysplasia 

CIS 


2.7 (crude) 4g«f (years) 

15-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-39 
£60 

3.S (2.3-5.2) 


2.4 (1.6-3.7) 

3.3 (1.9-5.8) 
3.6 (2.1-6,2) 


2.6 (1.7-4.1) 

3.0(1,6-5.6) 

4.2 12.7-7.5) 


1.6 (0.8-3.6) 

5.7 (2.4-13.5) 
2.1 (0.8-5.6) 


Duration (years) 

0 

1-19 

2 : 20 

Cigarettes smoiced 
(pack-years) 

< I 
1-3.9 

4-6.9 
7-11.9 
i 12 


9.5 (4.0-22.4) 
4.4 (3.9-6.S) 

3.1 (2.1—4.5) 

2.3 (1-7—3.6) 
2,8 (1.7-6,7) 

1.6 (0.9—2.8) 

1.3 (0.6-3.2) 

1 5 (0.5—4.2) 

5.1 (1.1-23.4) 


1.0 

1.4 

2.4 

la-aitu Severe 

dysplasia 

2.3 2.5 

2.4 2.4 

3.B 4.1 

9,1 t2.7 

12.7 10.2 


Geographical area 
(urbatV rural) 


NO. of lifetime partners, 
religion 

No. of lifetime partners. 


Moderate Agfc. no. of sexual 

dysplasia partners, age at first 

0.7 intercourse. 

3.8 socioeconomic status, 

3.3 oral contraceptive use 

10.4 
lt.3 


Comments 


Relative risk 35 among a small 
series of multiple-partner 
women with husbands who 
smoke versus those with 
nonsmok ing or formerly 
smoking husbands 
Relative risk changes sharply 
with age 


V* for trend: ill/ 1 values 
significant, strong dose- 
response relatlonilnp 


3006392374 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.5 (contil) 


Referents 
Country and 
years of study 

Type of disease 

Rclaiive risk (95% Cl) by smoking status 

Ever Current Former 

By quantity/ 
duration 

Relative risk (95% Cl) 

Adjustment factors 

Cemncnu 

Slattery a al. 



Duration (years) 







1—10 

2.7 <1.0-2 J) 



(contd) 



> 10 

2.2(1.2-3.9) 



Cuzick r/ al 

CIN (CIN 1. 

1.5 (p< 0.05) 1.0 

Pac/t—years 







0 

1.0 

sexual reproductive 





0-01-2 

0.8 






2-01-4 

1.1 






4.01-8 

IS 






8.01—12 

2.2 






> 12 

2.7 p< 0.03 






Age at starring 







smoking (years) 







Never 

1.0 






a 2Q 

0.8 






17-19 

1.6 






S 16 

1.7 p < 0.05 



Jones el al. 

CIS 

1.7(1.2-24) 1.9(13-2.7) 1-5(1.0-2.4) 

Cigar e ttes/day 







< IO 

1.6 (0.8-2.9) 

laic Pap smean, no. of 


VJSa 



10-19 

1.4 (0.9—2.3) 

abnormal smears. r». of 


1982—84 



20-29 

1-7 (1.1—2.6) 

lifetime partners, years 






2.3(1,4-3.8) 

of oral contraceptive use. 

p < 0.001 




Age at starting 


years of diaphragm use. 





smoking (years) 


history of serially 






0.5 (0.1-1.6) 

tr,) ns mined diseases 





21—29 

1.9(1.1-3.3) 






17-20 

1.6 0.1-2.4) 






m 16 

2.2 (1.4—3.4) 






Duration (years) 







< 10 

l.l (0.7-1.9) 






10-19 

1.8(1.2-2.9) 






20-29 

2.50.6-4.1) 






50-39 

1.6 (0.8-3,2) 




• •«.. : 


240 

1.7 (0.6—4.7) 


j>"= 0.001 



Table 2.1.10.5 (contd) 


Reference Type or disease Relative risk (95% Cl) by smoking status 

Country and -:--- 

years of study Ever Current Former 


Coker ei of. CIN II. CIN III 1.7(0 9-1)) 3.4(1.7-7 0) 

(1992) 

USA 

1967-88 


Paraz?mi CIN l+ll, 

el at. (1992) CIN III 

Icaly 
i9bi-W> 


CIN i+II CIN l+Il 

2.2 (1.2-5.o> 1.0 <0.4-2.s> 

CIN Hi 
2.S (1.7-3.6) 


cin j+n 

1.8 (I.I-2.9) 
CIN 11/ 
2.0(1.3-3.1) 


CIN Ml 
i.l (0.4-2.9) 

CBM I 

1.7 (0.8-3.3) 


Beekerwui. CIN Li. ClN II] 1.4 (1.0-2. D 1.8 (.1.2-2.8) 0.9 (0.3-1.3) 

(1994) 

USA 

1989-92 


By quantity/ 
duration 


Duration (years} 

1 -A 


2 10 

Age at starting 
smoking (years} 

> IS 

16-17 
4 16 

CIN I* II 

< 30 cigareucs/day 
2 10 cigarertes/day 
CIN m 

< 10 cigarettes/day 
2 JO cigarcltcs/day 


Cigarettes/Uuy 

1- 9 
10-19 
S2Q 

PacVyears 

<2 

2- 5 
£ 6 

Duration (years) 
0-1 
1—4 
5—9 

S JO 


Relative risk (93% Cl) 


0.6 (0 2-1.7) 
1-6 ( 0 . 6 — 1 . 0 ) 
2.7(11-6.9) 


1.4 (0,6-3.2) 
I-2.(0.3—3.2) 
2.9 (1,1-8,0) 


2.3 (1.3-3.9) 
2.2 (l.i-3.9) 

2.6 (1.5-4.7) 
2-6 (1.7-4.1) 


1.2 (0.7-1.B) 
1.4 (0.8-2.4) 
2.4(1.3-4.2) 

1.0 (0.6-1.7) 
1.6 <1.0-2,6) 
2.0 <1.2-3 5) 

1.0 

1.3 (0.8-2.2) 
1.2 (0.7—2.1) 
1.7 (1,0-2.6) 


Adjustment factors Comments 


Age, race, education, no. 

oFeeaual partners, no. of 
Pap smears five years 
prior, genital warts 


Age 

X 5 trend *=■ 5.91 
<p - 0.03) 

T 3 trend * 22.12 

<J> =■ 0.001; farmer smokers 

excluded from trend 
calculation) 

Age at lirsi birth, age ai 

first intercourse, no. of 

partners. CIN grade ui 
Milan (Italy), ngc, 
education, lifetime no. of 

Pap testa 

Ethnicity, age, age at 
f1retintcrcourse.no. of 
lifetime partners 


3006392376 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.S (cuntd) 


Reference 
Country and 
year* cf study 


Type of disease Relative rak <95% Cl) by smoking itatus 

Ever Current Former 


By quantity/ 
duration 


Becker a a!. 

(.1994) 

(contd) 


de Vet at at. Dysplasia 

(1994) 

Netherlands 
not specified 


Use at m enorche 

Kane 

Before 

Altar 

1-9 cigarettes/itay 
for < 15 years 
fori 15 years 

10-19 cigarettes/ 

day 

for < 15 years 
few i 15 years 
S 20 c igarenes/duy 
for <15 years 
for i 15 years 


Relative risk (95% Cl) 


1.0 

2.2 (1.2-4.J) 

1.3 <0.9-1.9) 

1- 9 0.0-3.4) 

2- T (1.2-6.4} 

1.4 (0.5-3.4) 
16(0.9-2,7) 
2.1 Cl. 1-4.0) 
1.3 <0 7-2.6) 


3.5 (2.1-5.9) 
7.0(3.5-13.7) 
2.2 (1.2-4.1) 


Stone eta/. Inittu 1.3 (1.0—1.7) 

(1993) 

Costa Rica 
1982-85 


Adjustment factors 


Age. education, no. of 
sexual partner*, age st 
first intercourse. current 
frequency of intercourse, 

use of contraceptives, 
dietary intake of p-caro- 
lenc, retinol, vitamin C 
and dietary fibre 
Age 



Table 2.1.10.5 (contd) 


Reference Type of diseas 

e Relative risk (95% Cl) by smoking status 

By quantity/ 

Relative risk (93% Cl) 

Adjtul merit factors 

Comments 

years of study 

Ever Current Former 

dU ”“° n 





KjaeT «r at. 

CIS 2.3(1,6-3.2) 2.4 (1.7—3,4) 

1.6 <1.0-2.7) 

CigareUes/day 






i. A 

1.2 (0.6-2.3) 





3-14 

2.0(1.4-2.9) 

sexual active life without 

1 VH/-&» 



15-19 

2.4 (1.6-3.6) 

Use Of barrier 





2,8 (1,9-4.1) 

contraceptives, years 




Age ar j/or/iuj 


with intrauterine device*. 




smoking (years) 


no. of births, uge at first 




e. is 

2.3 (t .4-3.7) 

episode of genital wans 





2.4(1.6-3.5) 





14-15 

2.2 (1.5-3.2) 





£ 13 

2.2 (1.4—3 6) 



•i. 


Duration (years) 






& 4 

1.4 (O.R-2.4) 





3-14 

2.7 (1.9—4.0) 





15-19 

2.1 (1.4-3.2) 





S 20 

2.3(1.3-3.9) 


Madeleine 

In situ 0 9(0.6-1.3) O.8(0.3-1.3) 

1.0 <0.6-1.5) 




USA 





partner* 

1990-^96 






Cl. confidence interval; ICC. invaiive cervical cancer; CIN □ and ClN 111 define disease P r 

ogriSision 





Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392377 
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JabJe 2.1,10.6. Cohort studies on tobacco smoking and cervical Intraepithelial neoplasia (CIN) 
(without control for HPV status) f 




Referent Subjects 

Country and 
yCars of study 


Cederttsf et al. 26 467 women 

(1975) 

Sweden 

1963-72 


Wrigbr el al- 17 032 women 

(1978) 

UK 

1968-74 


Number of cases 

Smirking 

categories 

Relative risks 

1 78; not explicitly 

Former smoker 

1.4 

stated but must 

Current smoker 

3.0 

contain mainly CIS 

Cigarettes/day 


cases 

1-7 

2.8 


8-15 

3.0 


2 16 

3.4 

65 cases; 

Cigarettes/day 


33 CIS, 6 invasive, 

1-14 

1.5 

26 dysplasia 

& 15 

2.9 


Beral er a i. 47 000 women 207 CIS 

(1988) 

UK 

1968-87 


Cigarettes/day In-sit u 

6 4.8 

1-14 3.6 

^15 1.3 


Adjustment factors Comments 


Age-adjusted Little confounding 

Place of residence, income 


Significance unaltered by 
adjustment for 
contraceptive method 


Adjusted lor age, parity, 
smoking, social class, no. 
of previously normal 

cervical smears, history of 
sexually transmitted 
diseases 


‘In our view, it is unlikely 
that use of lobacco could 
have any direct effect on 
the cervix’ (statement by 
authors) 



Table 2.1.10.6 (contd) 


Reference 
Country and 
years of study 

Subjects 

Number of cases 

categories 

Relative risk* 

Adjustment factors Comments 

Gram et al. 

6812 women 

185 coses 

Former smoker 

0.6 (0.4-1.1) 

Adjusted for age, marital 

(1992) 


(177 CIN, 

Current smoker 

1.5(1.13-2.2) 

status, frequency of 

Norway 


8 ICC) 

Cigarettes/day 


intoxication by alcohol 

1980-89 



1-14 

1.4 (0.9-2. t) 





2 15 

1.8 (1.1-3.0)0 = 0.02) 





Duration (years) 






1-9 

1.2 (0.7-1.9) 





> 10 

1.3 (1.2—2.8) (p = 0.01) 





Age at Starling 






smoking (years) 






£ 22 

0.9 (0 4-1.9) 





19-21 

l.l (06-2-0) 





16-18 

1,7(1.1-2-7) 





■c 16 

2.0(1.1-3 5) (pc 0.01) 


Zondervan 

1 7 000 women 

159 dysplasia 

Clgare ttes/day 

Dysplasia 


et al. (1996) 


121 CIS 

1-14 

1.8 (1.2-2.7) 


UK 



=> 15 

1.9 (1.2-2.9) 


1 O years 




CIS 





1-14 

1.9(1.2-3.0) 





> 15 

1.8 (1.0-2.9) 


ylitalo efal. 

146 889 women 

105 cases. 

Former smoker 

1.5 (0-9—2.3) 

Education, marital status, age Nested case—control study 

(1999) 


]68 controls 

Current smoker 

1.9 (1.3-2 9) 

at first intercourse, no. of 

Sweden 



Cigarettes/day 


sexual partners, age at 

1969-95 



1-4 

1.4 (0.9—2.4) 

mcnarche, parity, oraL 




5-9 

2.1 (1.3-3.2) 

contraceptive use 




LO-44 

2.1 (1.3-3.6) 

HPV DNA 




a is 

1.3 (0.7—2.4) 



3006392378 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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ource: https://www.mo 


QUiltlxg 


TOBACCO SMOKE 


777 


Table 2.1.10.7. Case-control studies on tobacco smoking and invasive 
cervical cancer (ICC) (adjusted for human papillomavirus (HPV) status) 


Reference 

Country and years 
of study 

Relative risk (95% Cl) 

Ever 

Comments 

Peng etal. (1991) 
China 

1987—BS 

t.2 (0.5-2.8) 

Age, income, residence, HPV 16/33 DNA 
positivity 

Chichareon el at. 
(1998) 

Thailand 

1990-9) 

16(0.7-3.3) 

HPV DNA, age, education, age at first 
intercourse, no. of live births, lifetime no. 
of sexual partners, arty venereal disease, use 
of hormonal contraceptives, time since last 
Pap smear 

Ngelangel a al. 
(1996) 

The Philippines 
1991-93 

11.2(3.9-32.0) 

HPV, age, no. of household amenities, age 
at first intercourse, no. of live births, no. of 
sexual partners, use of oral contraceptives, 
time since last Pap smear 


Cl, confidence interval 


UO 


3006392379 


Table 2.1.10.8. Case—control studies on tobacco smoking and cervical intraepithelial neoplasia (CIN) and carcinoma in sift* 
(CIS) (with adjustment for human papillomavirus (HPV)) 


Reference 

Country and years 

of study 


Type of 

disease 


Relative risk (95% Cl) by smoking status 


By quantity/duration 


Adjustment factors 


Mufioz etal. Cl993) 
Spain. 1985-87 
Columbia. 1985—83 


Hoe/ al. (1998) 

USA 

1992-94 


K and sky et al. 
(1998) 

USA 

1993-95 


1.3 (0.7-2.3) 
2.0 (1.3-5.0) 


CiN 1, II CIN III compared with ClN I ir 
and HI 2,4(11-5.2) 


0.9 (0.2-3.8} 
1.8 (0.9-3,5 ) 


HPV+ women 
1 B (0.6—5:2) 


CIN I, II 

and 111 


1.7 (0.5—5.4) 1.8 (0.5-6.1) 1.3 (0.2-8.1) 


Y oshtkawn et al. 
(1999) 

Japan 

1995-96 


CIN I, II 
and III 


0.8 (0.2—2.2) 0.3 (0.1-1.3) 


Pack—years Spain 

Colombia 

Adjusted for age, centre. 

0.1-4.9 0.5 (0.2-1.1) 

1.6 (0.9-2.9) 

HPV, no. of sexual partners, 

5-9.9 3.4 (1.5—6 0) 

2.0 (0.8-5,1) 

ags at first intercourse, 

10-14.9 3.6(1.1-11.4) 

0.9 (0.8-2.3) 

Chlamydias trachomatis. 

& 15 2.2 (0,7-6.7) 

] .8 (0,8—4.2) 

husband's sexual partners 

C igaret/es/day 


Age, education, ethnicity. 

£ 10 

1.5 (0.6-3.7) 

number of Pap smears in last 3 

• > 10 

Pack-years 

3.4 (l .2-9.2) 

years. HPV status 

None 

' 1.0 


S 5 

1.8 (0.7—4-3) 


> 5 

2.7 (1.2-6.2) 


Age at starting smoking 


Age, education, medical 

(years) 


coverage, time since Vast Pop 

2: 17 

2.1 (0 6-7.8) 

smear and HPV infection 

£ 16 

Duration (years) 

1.1 (0,2—5.4) 


<. 14 

1.3 (0 3-5.1) 


2 15 

Cigarettes/day 

2.4 (0.5-10.2) 


£ 9 

2.3 (0.6—9.6) 


£ 10 

Pack—years 

1,3 (0,3—5-1) 


£6 

1.4 (0.4-5.6) 


k7 

2 .1 (0.5—8,8) 

HPV DNA 


O 

o 


o 




Table 2.1.10.8 (contd) 


Reference 

Country and years 
of study 

Type of 
disease 

Relative risk (95% Cl) by smoking status 

Ever Current Former 

By quantity/duration 


Adjustment factors 


Kjellbcrg et al. 

CIN II 

3.0 (1.9-4.7) 3.1 (1.8-5.2) 2 8(1.5-5.2) 

1 -4 cigarettes/day 

1.9 (0.6—6.0) 

HPV-capsid. age 


(2000) 

and III 


5—14 cigarcttes/day 

2.4 (1.3—4.6) 






£: 15 cigarettes/day 

6.0 (2.7—13.3) 






Joint effect of smoking and 







HP V seroposltivity 







Seronegative 







Never-smoker 

1.0 


> 




Ever-smoker 

5.2(1.8-15.2) 






Seropositive 







Never-smoker 

4.6 (1.6—12.9) 






fcver-smoker 

7.2 (2.5-20.6) 


s 




NPV DNA-positive 


HPV DNA 

o 




1—4 cigarettes/day 

0.5 (0.1—1,9) 






5—14 cigarettes/day 

3.2 (J.2-8.4) 






5 15 cigarettes/day 

5.9(1.7—19.4) 






HPV DNA-negative 







Never-smoker 

I 






Ever-smoker 

3.8(1.3-11.2) 






HP V DNA -positive 







Never-smoker 

93 (31-280) 






Ever-smoker 

186(62-556) 




Cl. confidence interval 


i 


3006392380 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.10.9. Cohort studies on tobacco smoking and cervical intraepithelial neoplasia (C1N) and carci¬ 
noma in situ (CIS) (with control for human papillomavirus (HPV) status) 


Reference 

Country and 
years of study 

Cohort characteristics 

No. of cases 

Smoking 

categories 

Relative risk 

(95% Cl) 

Adjustment 

Schiffman et al. 
(1993) 

USA 

1989—90 

21 146 women; nested 
case—control study 

500 cases of C1N III, ON 11. 
CIN I, condylomatous atypia; 
500 controls 

Current smoker 
Former smoker 

1.2 (0.8-1,8) 
1.0 (0.6-1.6) 

Age 

Moscicki et at. 
(2001) 

USA 

1990-2000 

496 HPV DNA-positive 
women attending family 
planning clinics 

109 incident cases of low- 
grade squamous intraepithelial 
lesions 

Smoking daily 

1.7(1.2-2.6) 



■ ifn ■ ■ . . ■ ■ » ■ It*. 


Table 2.1.10.10. Study populations used in analysis of associations of tobacco smoking and invasive cervical 
cancer and carcinoma in situ in human papillomavirus (HPV)-positive study subjects 


Reference 

ASR 

HPV tested 

HPV- 

positive 



Ever-smokers (%) 

Cigarettes per 
day controls 

Country and 
years of study 

(world) 

Cases 

Controls 

Cases 


Controls 

(%> 

Cases 

Controls 

Invasive cervical cancer 

(ICC) 










Bosch etal (1992); 
Mufioz et al. (1992) 
Colombia 

1985-88 

32.9 

110 

126 

86 

(78.2) 

22 

(17.5) 

42.4 

28.1 

11 

Bosch et al. (1992); 
Muftoz et at. (1992) 

Spain 

1985—87 

7.2 

159 

136 

131 

(82.4) 

8 

(5.9) 

20.4 

14.3 

10 

Eluf-Neto et al (1994) 
Brazil 

1990-91 

31.3 

187 

196 

181 

(96.8) 

34 

(17.3) 

47.2 

36 

10 

Chaouki et al. (1998) 
Morocco 

1991-93 

18.8 

188 

176 

182 

(96.8) 

38 

(21.6) 

2.8 

4.4 

7 

Chichareon et al. 

(1998) 

Thailand 

1990-93.' 

20.7 

378 

261 

363 

(96.0) 

41 

(15.7) 

17.1 

13 

5 

Ngelangel et al (1998) 
The Philippines • ■ 

22.7 

364 

3S1 

349 

(95.9) 

3S 

(«.2> 

2Q.4 

7,2 

8 


1991-93 


3006392381 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.10.10 (contd) 


Reference 

Country and 
years of study 

ASR 

(world) 

HPV tested 

HPV-positive 



Ever-smokers (%) 

Cigarettes per 


Cases 

Controls 

Cases 

(%) 

Controls 

(%) 

Cases 

Controls 

day controls 


Rolon et al, (2000) 
Paraguay 

1988-90 

41.1 

I 12 

90 

109 

(97.3) 

17 

(18.9) 

32.2 

19 

3 


Santos etal. (2001) 
Peru 

39.9 

. 196 

175 

186 

(94.9) 

31 

(17,7) 

9,6 

3.6 

7 

F 

1996-97 












Hildesbeim et al 

40 ICC, 


843 HPV* 



843 HPV* 





O 

(2001) 

12S HSIL 










O 

Costa Rica 











© 

Popu lat ion- ba sed 











> 

nested case—control 











s 

study 











< 

Carcinoma in situ 











o 

Bosch et al. (1993); 


135 

181 

96 

(71.1) 

19 

(19.5) 

37.2 

23.7 

10 

i 

Mufioz et al. (1993) 






tn 

Columbia 

1985-87 











oo 

Bosch et al. (1993); 
Mufioz et al. < 1993) 
Spain 

1985-88 


157 

193 

115 

(73.2) 

9 

(4.7) 

54.5 

38.4 

9 


TOTAL 


1986 

1915 

1798 


254 







ASR, age-standardized rate; HSIL, high-grade squamous intra-epithelial lesions 


* ■ ■ ' Lt 


Table 2.1.10.11. Studies on tobacco smoking and cervical IntraepliheUal neoplasia (ON) and carcinoma in situ (CIS) In human papillomavirus 
(HJfV)-positive subjects 


Reference' 
Country 
and years 
of study 

Type of 
disease 

Relative risk (95% Cl) by smoking status 



By pliantilyiduration 

Adjustment 

factors 

Comments 

HPV status 

Never-jinPkcr 

Evcr-s moker 

Former 

Smoker 

Olsen 

CIN 11 and 

HPV-16-seroncgative 

1.0 

4.4 (1.8-10.9) 








HPV-16-scropositive 

2.9(0.7-11.0) 

15.3 (5.3-44.1) 








HPV-16 DNA-negativc 

1.0 

2.2 (O-S-5.6) 






Norway 


HPV-16 DNA.-positive 

15.7 (3.2—76.5) 

6S.9 (22.3-194.3) 







[60 cases, 


1.0 

4.6 (0.9-22.9) 

4.2 (0 5-37.9) 

Duration (yearsJ 










0 

1.0 


used as the referent to 







1-9 

2.1 (0 3-12.3) 


determine risk of CIN II 








7.5 (1.2-45.8) 


and 111 in HPV-positive 







Cigarettss/day 



' ‘ smokers and 







1-10 

3.3 (0,5-lO.S) 


non smokers) 







Z 10 

5.9 (1.0-3S.6) 





HPV-16 capsid-positive 

1.0 

5.1 (1.5-17.7) 

4.3 (O.B-23.2) 






34 conLruts) 





0 

1.0 









1-9 

4.3 (D.9-20.3) 









Z 10 

5.3 (1.4-20.0) 









CigarBttes/day 










1-10 

4.6 (1,1-20.4) 









Z 10 

6.5 (1.4-30.1) 



Deacon 

CIN HI 

CTN []] 

2.2 (1.4—3.4) 

1.7 (0.76-3.8) 


Cigaratu t/dtty 



Nested case- control 

bs_q1_ 






1-10 

1,4(0,7-2,5) 

first inter- 

study within the 

(2000) 






11—ItS 

22(1.2-3.9) 

course, loial . 


UK. 






£ 17 

3.1 (l.B-S.3) 

no. of sexual 

(199 HPV-positive 







Duration (veoryj 


partners, years 

cases, 181 HPV- 







Never 

1.0 

since last 

positive end 203 HPV- 







1-9 

1,8 (0-B9-3.6) 

regular 

negative controls) 








2,0(1.2-3.3) 

relationship. 








z 20 

3.1 (1.6-6 2) 

history of 


__ 








abortion 



30063923 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.10,12. Case-control studies on tobacco smoking and Invasive cervical cancer (ICC) (adeno- and adenosquamous 
carcinoma) 


Re Terence 

Relative risk (95% Cl) 




Adjustment factors 

years of study 

Ever 

Current 

Former 

By quantity/ 
duration 



Brin ton et al. 
(1986) 

USA 

1982-84 

l.l (0.7—1.9) 

1.2 (0.7-2.1) 

0.8 (0.4—2.0) 

CigarettesAJay 
c lO 

10-19 

20-29 

>30 

Duration (years) 

< 10 

10-19 

20-29 
> 40 

1.5 (0.7-3.1) 
0.9 (0.4-2.t) 
0.9 (0.4-1.9) 
2.0 (0.6—6.0) 

1.1 (0.4—2.8) 

1.2 (0.5-2.5) 
l.l (0.6-2.1) 
l.l (0.3—3.7) 


Ursln et al. 
(1996) 

USA 

1977-91 

Chichareon 
etal. (1998) 
Thailand 

1990-93 

1.9 (0.4—8.9) 
1.0(02-6.8) 

I. 0 (0.5-1.9) 

II. 7(1.1-2.6)] 

1.2 (0.7-1.9) 

[1.5(1.0-2.4)] 

Pack—years 
< 1300 

1301-4000 

4001-7500 

>7500 

1.7 (0.9-3 2) 
1.0 (0.5—2.0) 
0.6 (0.3-1.3) 
l .2 (0.6-2.3) 

Education, income, weight gain from age 18 years to 
diagnosis, total no. of sexual partners, no. of sexual 
partners before age 20 years, duration of diaphragm use, 
history of stillbirths, known episodes of genital warts, 
use of oral contraceptives 

Life partners. HCV-2 seropositivity, oral contraceptive 
use at 17 years or less, HPV VLP antibody status 

HPV DNA adjusted 

HPV DNA restricted 

Ngel angel 
(1998) 

The Philippines 
1991-93 

0.9 (0.2-4.1) 

4.7 (0.2-129.0) 
13.6(0.1-2599) 





Age, no. of household amenities, age at first intercourse, 
no. of live births, lifetime no, of sexual partners, use o'F 
hormonal contraceptives, time since last Pap smear 

Only 2 cases ever smoked. 

■ HPV EKNA-adj usted ‘ 

HPV DNA-restricted 








Table 2.1.10.12 (contd) 

Reference 
Country and 
years of study 

Relative risk (95% Cl) 




Adjustment faclar* 

Ever 

Current 

Former 

By quantity/ 
duration 




Lacey et al. Adenocarcinomas 

(2001) 0.8 (0.5—1.2) 0.6 (0,3-1.1) 1.0(0.6-1.61 

USA 

1992-96 


Adenocarcinoma versus HPV+ controls only 
0.7 (0.3-1.5) 0.5 (0.2-1.1) ) .0 (0.4-2.5) 


< 1 pack/day 

0.9 (0.5-1.5) 

Age, ethnicity, education, lifetime sexual partners and 
no. of pap smears in the last 10 years, HPV 

2 . 1 pack-day 

0.7(04-1.3) 


p for trend. 0.28 


< 5 pack-years 

0.8 (0.4-1.6) 


5—14 pack—years 

0.9 (0,4-1.7) 


> 15 pack-years 

0,8 (0.41-1.6) 


Duration (years) 

£ 10 

p for trend, 0.41 

0.7 (0.4-1.4) 


11-20 

0.9 (0.5—1 -8) 


a 20 

0-8 (0.4-1.6) 


Age at starting 
smoking (years) 

£ 21 

p for trend, 0.5 

0.7 (0.3-1.6) 


18-20 

1.0 (0.5—J .9) 


16-17 

0.8 (0.4—1.6) 


11—15 

0.6 (0.3-1.4) 


< 5 pack-years 

p for trend, 0.5 1 

1.1 (0.4-2.8) 

Age, ethnicity 

5—14 pack—years 

0.8 (0.3-2.1) 


> 1 5 pack—years 

0.5 (0.2-1.6) 


Duration (years) 
s 10 

0.9 (0.4-2.1) 


11-20 

1.3 (0.4-4.0) 


£20 

0.4 (0.1-1.2) 


< 1 puckAday 

1.2 (0.5-2.9) 


2 : I pack/day 

0.4 (0.2-1.0) 
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£l_U Endometrial cancer 

A total of 27 case-control studies have examined the association between cigarette 
poking ai, d endometrial cancer. The principal design characteristics and results of these 
jj^es are summarized in Tables 2.1.11.1 and 2.1.11.2, respectively. 

' All but two case-control studies (Shu et a!., 1991; Weir et at., 1994) reported an 
jjiverse association of cigarette smoking with endometrial cancer, and in the majority of 
jjjse studies the decrease in risk was statistically significant (Weiss a al, 1980; Lesko 
A a),, 1985; Baron et al., 1986; Franks et al., 1987; Levi et al., 1987; Stockweil & Lyman, 
1 ) 87 ; Ka to era/., 1989; Koumantaki rial, 1989; Elliott rial, 1990; Rubin era/., 1990; 
priitton et al., 1993; Parazzini et al, 1995; McCann et al., 200(1; Weiderpass & Baron, 
JOOI). Quantitative measures of smoking in relation to endometrial cancer have been exa- 
jjjned in 13 studies. Most studies showed a negative trend with increasing intensity (Lesko 
gal, 1985; Levi et al, 1987; Stockweil & Lyman, 1987; Parazzini et al, 1995; Weiderpass 
j Baron, 2001), duration (Brinton et al, 1993; Parazzini el al, 1995) or pack-years 
(Williams & Horm, 1977; Baron rial., 1986; Lawrence et al, 1987). Only one study found 
a significantly elevated risk for endometrial cancer related to smoking. This was in pre¬ 
menopausal women who smoked 10 20 cigarettes/day, and no dose-response relationship 
was observed (Weir et al, 1994). Also, one study found a significant positive trend between 
risk for endometrial cancer and amount smoked daily, but the effects of duration were not 
Statistically significant (Shu el al, 1991). 

In studies that investigated the risk associated with smoking cessalion, the ctl'ect was 
greater among current smokers than among former smokers (Lesko et al, 1985; Levi et al, 
1987; Lawrence rial, 1987,1989; Rubin eta/., 1990; Austin etal, 1993; Weiderpass & 
Baron, 2001) or was confined lo current smokers (Tyler et al, 1985; Elliott et al, 1990; 
Brinion et al, 1993), and the association weakened with time since smoking cessation 
(Weir et al, 1994; Parazzini et al , 1995). 

Three studies (Lesko et al, 1985; Brinton et al, 1993; Weir et al, 1994) examined 
results by menopausal status and showed that the reduced risk among smokers was 
restricted to women diagnosed with endometrial cancer after menopause. 

Prospective cohort studies of smoking and endometrial cancer risk in which the 
problems of unbiased selection of study subjects and recall are minimized are scarce. The 
limited evidence that is available from prospective studies does not refute the existence of 
an inverse association between smoking and risk for endometrial cancer (Table 2.1,11.3). 

Factors suggested as potential coufounders in the evaluation of (he association of 
endometrial cancer with exposure to cigarette smoke include estrogen replacement 
foragy, obesity, lack of physical activity and age at menopause. Several investigators 
have assessed whether the presence of selected risk factors could modify the relationship 
i*tween smoking and risk for endometrial cancer. Some studies have noted a greater 
'eduction in smoking-associated risk among obese women (Brinton et al, 1993; Parazzini 
d al, 1995). Others have reported a greater reduction in smoking-associated risk among 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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women taking estrogen replacement therapy (Weiss et al. t 1980), but not all 
support tile existence of such an effect (Brinton et at., 1993). 

The biological mechanisms that might underlie the reduced risk for enduneu, 
cancer among smokers remain unclear. In the previous IARC Monograph on towM 
smoking (IARC, 1986), the Working Group noted that there was consistent evident |L 
menopause occurs 1-2 years earlier among cigarette smokers than in nonsmokers iyp 
eating that smoking affects hormonal status, a factor known to be related to endorses 
cancer. However, no conclusion was drawn regarding the observed reduction in ^ 
metrial cancer associated with tobacco exposure due to methodological problems witVtf ^ 
interpretation of mortality studies. 

Some researchers have suggested that exposure to tobacco may reduce estrogen 
ductiun, a hypothesis that has received some support from findings that eslriol excretion 
is reduced among postmenopausal smokers. Another theory is that smoking affects fc 
metabolism, absorption or distribution of hormones. Recent studies have^proposell j"' 
reduction in relative body weight and consequent decrease in levels of circulating 
estrogen and an earlier age at menopause as a possible mechanism (Terry et al,, 2002h j' - 
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Table 2.1.11.1 (contd) 


nO 

O'. 


Reference Cases and controls Criteria for eligibility 

Country and 

years of study 




Baron et al. 
(1986) 

USA 

1957-65 

476 cases and 
2128 controls 

Franks et al. 
(1987) 

USA 

1980—82 

79 cases and 

416 controls 

Lawrence et at. 
(1987) 

USA 

1979-81 

200 cases and 
200 controls 

Levi et al. 

(1987) 

Italy 

1983-85 

357 cases and 
1122 controls 

Stockwell & 
Lyman (1987) 
USA 

1981 

1374 cases and 
3921 controls 

Kato et al. 

(1989) 

Japan 
\ 980-86 

239 cases and 
8920 controls • 


Hospital-based study in Buffalo, NY 
Cases aged 40—89 years 

Controls with benign conditions of the uterus, breast, gastrointestinal tract and skin; cancers and diseases of 
the respiratory ot circulatory' systems excluded; aged 40-89 years 

Population-based study in 6 areas , 

Cases confirmed histologically; postmenopausal women aged 40-55 years; perimenopausal women 
excluded 

Controls selected through random-digit dialling in same areas as cases; aged 40455 years 
Population-based study in New York conducted using interviews 

Cases confirmed histologically as stage 1A (S3) or IB (1 17); aged 40-69 years; 65% of eligible cases 
participated. 

C ontrols randomly selected through driver’s Licence files; individually matched by county of residence and 
year of birth; 71% of first selected controls participated. 

Hospital-based study in Milan conducted using interviews 
Cases histologically confirmed; aged 3 1 -74 years 

Controls with traumatic conditions (32%), non-traumatic orthopaedic disorders (25%), surgical conditions 
(15%) and eye, nose, throat and dental disorders (28%); aged 25-74 years; malignant, hormonal, 
gynaecological and tobacco-related diseases and hysterectomy excluded 
98% of eligible cases and controls participated. 

Population-based study 

Study population identified through Florida Cancer Data System; 28% with unknown smoking status 
Controls with non-tobacco-related cancers: colon cancer (62%) or rectal cancer (23%), melanoma (11%), Or 
endocrine neoplasms (4%) (tobacco-related cancer sites excluded) 

Controls older than cases ■ 

Hospital-based study at Aichi Cancer Centre 
Cases aged ^ 20 years -- - 

Controls with cancer of stomach (3l%), large intestine (19%), uterus other than corpus (17%), lung (7%) 
and other sites; alcohol-related cancer and cancer of ill-defined sites excluded 


nrfi.iiiM.rn A 




Table 2.1.11.1 (contd) 

Reference 
Country and 

years of study 

Cases and controls 

Cri Leri a fur eligibility 

Koumantaki 
etal. (1989) 
Greece 
t984 

83 cases and 164 
controls 

Hospital-based study among Greek Caucasians conducted using interviews 

Cases confirmed by biopsy; aged 40—79 years; 80% of eligible cases participated. 

Controls with traumatic fractures (58%), other traumatic conditions (6%), rheumatoid arthritis (46%) and 
other orthopaedic conditions (10%); hysterectomy excluded; aged 40 -79 years; 95% participation rate 

Lawrence et al. 

(1989) 

USA 

1979-81 

84 cases and 168 
controls 

Population-based study conducted using interviews 

Cases histologically confirmed stage 2-4; aged 40—69 years; 84% of eligible cases participated. 

Controls randomly selected through driver’s license registry, individually matched (2:1) for county of 
residence and year of birth; 69% response rate 

Elliott et al 

(1990) 

USA 

1985-87 

46 cases and 140 
controls 

Population-based study In Baltimore conducted using interviews 

Cases confirmed histologically; mean age, 62.2 years 

Controls selected through random digit dialling after frequency-matching for prefix of telephone number 
(as proxy for area of residence); hysterectomy excluded; mean age, 54.3 years; 58% participation rate 

Rubin et at- 
(1990> 

USA 

1980-82 

196 cases and 

986 controls 

Population-based study in 8 geographical areas conducted using interviews 

Cases from cancer and steroid hormone study, histologically confirmed; aged 40—54 years; 73% 
participation rate 

Controls selected by random digit dialling, frequency-matched on age (5-year groups); hysterectomy 
excluded; 84% participation rate 

Shu etal. (1991) 
China 

1988-90 

268 coses and 

268 controls 

Population-based study in Shanghai conducted using interviews 

Cases histologically confirmed; aged 18-74 years; 91% of eligible cases participated. 

Controls randomly seLected from Shanghai population registry, individually matched for age (± 2 years); 
hysterectomy excluded; 96% participation rate 

Austin et al. 
(1993) 

USA 

1984-88 

168 cases and 

334 controls 

Hospital-based study in Alabama conducted using interviews 

Cases confirmed histologically; aged 40—82 years; 93% participation rate 

Controls from university optometry clinic, frequency-matched by age and race; hysterectomy excluded; 

77% participation rate 



3006392389 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.1.11.1 (could) 


Reference 
Country and 
years of study 

Cases and controls 

Criteria for eligibility 

Brinton et al. 
(1993) 

USA 

1987-90 

405 cases and 

297 controls 

Population-based study in 5 areas conducted using interviews 

Cases confirmed histologically; aged 20—74 years; 87% of eligible cases participated. 

Controls « 65 years selected through random digit dialling and controls 2: 65 years through Health Care 
Financing Administration files; individually matched on age (5-year group), race and area of residence; 

66% of eligibte controls participated 

Weir et al. 
(1994) 

Canada 

1977-78 

88 cases and 551 
controls 

Population-based study conducted using interviews 

Case9 confirmed histologically; aged 40—74 years * 

Controls individually matched by age (± 5 years), neighbourhood and type of dwelling; hysterectomy and 
history of cancer excluded 

Parazzini et al. 
(1995) 

Italy 

1983-92 

726 cases and 

1452 controls 

Hospital-based study in Milan conducted using interviews 

Cases confirmed histologically; aged 3 1—74 years 

Controls with traumatic conditions (34%), non traumatic orthopaedic conditions (26%), surgical conditions 
(15%) and other illnesses (25%) 

98% participation, rate for cases and controls 

Hirose et al. 
(1996) 

Japan 

1988-93 

145 cases and 

26 751 controls 

Hospital-based study at Aichi Cancer Centre conducted using a questionnaire; 98% participation rate 

Cases confirmed histologically; aged 2 18 years 

Controls aged > 20 years; cancer diagnosis exetuded 

Goodman et al. 

(1997) 

Hawaii, USA, 
198S-93 

332 cases and 

511 controls 

Population-based study conducted using interviews 

Cases confirmed histologically; aged 18-84 years; 66% of eligible cases participated. 

Controls randomly selected from population rosters, individually matched 2:1 or 3:1 for ethnicity and age 
(± 2.5 years); hysterectomy excluded; 73% participation rate 

Jain et al. 

(2000) . . 

Canada 

1994—98 

552 cases and 562 
. controls ... 

Population-based study in Toronto, Peel, Halton and York conducted using interviews 
. Cases identified through Ontario Cancer Registry, histologically confirmed; aged 30-79 years 

Controls randomly selected from properly assessment Lists, frequency-matched by age (5-year group) and 
geographical area; hysterectomy excluded; low participation rate 


Table 2.1.11.1 (contel) 

Reference 
Country and 
years of study 

Cases and controls 

Criteria for eligibility 

McCann et al. 
(2000) 

USA 

1986-91 

232 cases and 

639 controls 

Po pul at ion -based study conducted using interviews 

Cases confirmed histologically; aged 40—85 years; 51% response rate 

Controls < 65 years randomly selected from driver’s licence lists and for controls ^ 65 years from Health 

Care Financing Administration lists, frequency-matched on age and county of residence; hysterectomy 
excluded; 51% of eligible controls participated. 

Parslov et al. 
(2000) 

Denmark 

1987-94 

237 cases and 

538 controls 

Population-based study; questionnaire 

Cases histologically confirmed; aged 25—49 years; 93% participation rate 

Controls randomly selected from Danish Central Person Registry, individually matched by age and 
geographical region; 91% participation rate 

Weiderpass & 
Baron (2001) 
Sweden 

1994-95 

789 cases and 

3368 controls 

Population-based study among postmenopausal Swedish women residents with intact uterus 

Cases confirmed histologically; aged 50—74 years; 75% participation rate 

Controls randomly selected from Swedish population registry; aged 50—74 years; 80% participation rate 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.11.2. Case—control studies on smoking and endometrial cancer 


o 


Reference 

Country and 
years of study 

Exposure estimates 

Relative risk (95% Cl) 

Comments 

Williams Si Horm 
(1977.) 

USA 

Early 1960s 

Pack-years 
< 20 

20—40 
> 40 

0.89 

0.79 

0.74 


Adjusted for age and sex 

Weiss etal. (1980) 
USA 
. 1975-76 

Nan -contraceptive 
estrogen use (years) 

< 1 

1-7 
£ 8 

Nonsmoker 

1.0 

2.6 (1.2-5.6) 

14.9 (6.7-33.2) 

Eyer-sitt oker 

0.4 (0,2—0.7)* 
1.1 (0.5—2.5) 
3,4(1.6-7.4) 

Adjusted for age. parity, weight, hypertension and estrogen 
use 

r p < 0.05 

Kelsey ct al. (1982); 
Baron (19S4) 

USA 

Ever-smoker 

0.83 


Adjusted for age, parity, weight, menopausal status, 
education, oral contraceptive/estrogen use 

I 977-79 





Smith et al. (1934) 
USA 

1980-82 

Sporadic smoker 
Continuous smoker 

0.7 (0.4-1.4) 

0.8 <0.4-1.5) 


Crude odds ratio 

Lesko et al. (J 985) 
USA 

1976-83 

Former smoker 

Current smoker 
Cigareites/day 

1-14 

15-24 

St 25 

Smokers of £ 25/day' 

Premenopausal 

Postmenopausal 

0.9 (0.6—1.2) 

0.7 <0.5-1.0) 

0.8 <0.5-1.3) 

1.0 (0.6—1.5) 

0.5 (0.3—0.8) 

0.9 (0.4—2.2) 

0.5 (0.2-0,9) 


Adjusted for age, body-mass index, duration of conjugated 
estrogen use 

T Compared with nonsmokers of the same category 

Tyler et al. (19$5) 
USA ’ 

1980-82 

«■- i_ 

Ever-smoker 

Former smoker 

Current smoker 

0.9 (0.7—1.1) 

1.0 (0.7—1.4) 

0.8 <0.7-1.1) 


Adjusted for age, body Weight, oral contraceptive use, 
alcohol consumption, menopausal status, hypertension and 

estrogen use 

' • • • ■ _ .'.I - ' . .' . 

Table 2.1.11.2 (could) 

Reference 

Country and 
years of study 

Exposure estimates 

Relative risk (95% Cl) 

Comments 

Baron et al. (1986) 
USA 

1957-65 

Pack—years 

1-14 

S 15 

p for trend 

0.8 (0.5-1.1) 

0.6 (0.4 0.9) 

0.003 


Adjusted for age, marital status, parity and body-mass index 
(Quetelee index) 

Franks et al. (1987) 
USA 

1980-82 

Ever-smoker 

0.5 (0.3—0.8) 


Crude odds ratio 

Adjustment for age, age at menopause, race, Quetelet index, 
hypertension, diabetes, infertility, parity, history of 
contraceptive uS£ and geographical regions did not 
appreciably alter risk estimates. 

Lawrence et al. 

(1987) 

USA 

1979-81 

Pack—years 

g j 
> 1 

Current* Former 

0.7 I.02 

0.5 0.6 

[95% Ci not reported] 

for trend < 0.025, one-sided 

Levi et al. (1987) 

Italy 

1983-85 

Former smoker 

Current smoker 

C igarettes/day 
< 15 

2 15 

p for trend 

0.9 <0.5-1.5) 

0.5 (0.3-0.7) 

0.5 (0.3—0.8) 

0.4 (0.2-0.9) 

< 0.001 


Odds ratios adjusted for age, marital status, education, 
social class, age at menarche, menopausal status, age at 

menopause, parity, number of live births, family history of 
gynaecological cancer, body-mass index, use of oral 
contraceptive and estrogen replacement therapy 

Stockwell & Lyman 
(1987) 

USA 

1981 

Former smoker 

Current smokev 

Cigare rtes/day 
< 20 

20—40 
> 40 

0.6(0.5-08) 

O.S (0.3-0.9) 

0.9 (0.7-1.2) 

0.7 <0.5-0.9) 

0.5 (0.3—0.9) 


Adjusted for age, race and marital status 

Kato et ai. (1989) 
Japan . 

1980-86 

Ever-smoker 

0.5 <0.3-0.8) 


Adjusted for alcohol drinking, marital status, age, area of 
residence, occupation and family history of breast cancer 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.11.2 (cQntd) 


CSC' 

Si 


JA. 


Reference 

Country and 
years of study 

Exposure estimates 

Relative risk (95% Cl) 

Koumaniaki et al. 
(1939) 

Greece 

1984 

Smoker 

0.5 (0.3—0.9) 


Lawrence et al. 

(1989) 

USA 

1979-81 

Packs/day 

St 
> 1 

p for trend 

Current 

0.6 

0.95 

>0.3 

Former. 

0.8 

1.02 

=-0.3 

Elliott et al. (1990) 
USA 

1985-87 

Former smoker 

Current smoker 

1.2 (0.5-3.0) 
0.2 (0.1—0.7) 


Rubin et al. (1990) 
USA 

1980-82 

Former smoker 

Current smoker 

0.8 (0.5-1.2) 
0.7 <0.5-1.0) 


Shu et al. (1991) 
China 

1988-90 

Current smoker 

Cigarettes/day 
<9 
> 10 

p for trend 

Age at starting 
smoking (years) 

2. 31 
£ 30 

Duration (years) 

£ 19 

20 

P for trend 

1.7(0.9-3.0) 

1.3 (0.7—2.8) 

2.3 (1.0-5.7) 
0.05 

1.6 (0.7-3.5) 

1.7 (0.8-3.8) 

1.7 (0.7—4.0) 
1.6 <0.8-3.4) 
0.11 



i 


Comments 


Relative risk for 20 years of smoking 
Adjusted for age, parity, age at menarche, age at 
menopause, height and weight 

Matched analysis 


Adjusted for age, waist to hip circumference ratio and 
parity; controls significantly older than cases 

Crude odds ratio 


Low prevalence of smoking (< 10%) 

Adjusted for age, number of pregnancies and weight 


Table 2.1.11.2 (eontd) 


Reference 

Country and 
years of study 

Exposure estimates 

Relative risk (95% Cl) Comments 

Austin et al. (1993) 

Former smoker 

0.8 (0.5-1.5) 

Adjusted for age, race, education, body mass, use of 

USA 

Current smoker 

0.7 (0.4-1.2) 

replacement estrogens and number of pregnancies 

1984-88 




Brinton ct al. (1993) 

Ever-smoker 

0.8 (0.5-1.1) 

Adjusted for age, education, number of births, weight, u 

USA 

Former smoker 

l.l (0.7-1.6) 

of oral contraceptives and use of hormone replacement 

1987-90 

Current smoker 

0.4 (0,2—0.7) 

therapy 


Cigarettes/day 




<20 

0.8 (0.5-1.2) 



20-29 

0.7 (0.4-1.2) 



a 30 

0.7 (0.4-1.4) 



P for trend 

0.12 



Age at starting 




smoking (years) 




> 22 

0.7 (0.4-1.2) 



18-21 

0.9 (0.6-!.5) 



< 18 

0.7 (0.4-1.1) 



Duration (years) 




< 20 

1.0 (0.5-1.7) 



20-39 

0.8 (0.5-1.3) 



> 40 

0.5 (0.3—0.9) 



p for trend 

0.05 




Premenopausal 

Postmenopausal 


Ever-smoker 

1.8 <0.8—4.0) 

0.6 (0.4-0.9) 


Former smoker 

3.0(1.2-7.4) 

0.8 (0.4-1.2) 


Current smoker . . 

_0.5 (0.1—1.7) 

0.4 (0.2—0.7) 


Citgarettes/day 




<20 

2.0(0.7-5.5) 

0.6 (0.3-0-9) 


20-29 

1.7 (0.6—5.2) 

0.5 (0.3—0.9) 


> 30 

1.3 (0.2-7.1) 

0.6 (0.3-1.3) 


3006392392 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.11.2 (contd) 


Reference 
Country and 
years of study 


Brinton ct al. (] 993) 
(contd) 


Weir et al.{ 1994) 
Canada. 

]977-78 


Exposure estimates 


Age at starting 
smoking (years) 
>22 
18-21 
< 18 

Duration (years) 
<20 
20-29 
5 30 

p for trend 


Ever-smoker 

Current smoker 

Cigarettes'day 

< JO 
10-20 
>21 

Duration (years) 
<25 ' 

5 25 

years since quitting 
5 10 

< 10 



Relative risk (95% Cl) 


Comments 


2.7 (0.8-8-6) 

1.3 (0.5-3.8) 

1 -7 (0.5—5-9) 

2.2 (0.9—5.5) 
0.5 (0.1-2.4) 

6.2 (0.9—42.3) 
0.15 

Premenopausal 

<» — 14) 

2.4 (0.7-8.9) 

2.8 (0.7-11.3) 

0.6 (0.1—6.4) 

6.4 (1.2-32.7) 

2.1 (0.3-14.7) 

1.7 (0:3-9.7) 

3.1 (0.7-13.1) 


1.8 <0.3-11.3> 


0.4 (0.2-0.8) 
0.8 (0.4-1.5) 
0.5 (0.3-1.0) 

0.6 (0.3-1.3) 
0.4 (0.2—0.9) 
0.6 (0.4-1.0) 
0.02 

Postmenopausal 
(« - 74) 

0.8 (0.5-1.4) 

0.8 (0.5-1.5) 

0.8 (0.4-1.7) 

1.0 (0.5—2.0) 

0.6 (0.3-1.5) 

0.7 (0.3-1.6) 

0.9 (0.5-1.6) 

0.9 (0.3-2.1) 

0.8 (0.3—2.5) 



Adjusted for age, Quetelet index, estrogen use. age at 
menopause and education 



Tabic 2.1.11.2 (contd) 


Reference Exposure esti mates Relative risk (95% Cl) 

Country and 
years of study 


Parazzini et al. 

Former smoker 

0.6 (0.4—0.9) 

{1995) 

Current smoker 

0.8 (0.7-1.1) 

Italy 

Cigarettes/day 

0.8 (0.6-1.1) 

1983-92 

<20 


£20 

Duration (years) 

0.6 (0.4—0.9) 


<20 

1.0 (0.7-1.4) 


2 20 

Years since quitting 

0.5 <0.2-1.2) 


£ 10 

0.8 (0.5-1.4) 


< 10 

Q.4 (0.2—0,8) 

Hirose et al. (1996) 

Current smoker 

0.7 (0.4-1.3) 

J apan 

C iga rettes /day 

0.5 (0.1-21) 

t988-93 

< 10 


£ 10 

0.8 (0.4-1.5) 

Goodman et al. 

(1997) 

Ever-smoker 

0.8 (0.6-1.2) 

USA, Hawaii 

1985-93 . 

\ 


Jain et al. (2000) 

Ever-smoker 

1.01 (0.8—1 -3) 

Canada 

1994-98 




Comments 


Adjusted for age. education, parity, Quetelet index, 
menopausal status, diabetes, hypertension arid use of oral 

contraceptives or estrogen replacement therapy [no trend 
calculated] 


Low smoking prevalence (13.3%) 
Adjusted for age and year of first visit 


Adjusted for histojy of pregnancy, oral contraceptive use, 
unopposed-estrogen use, history of diabetes and body-mass 
index 

Low participation rate of controls 
Crude odds ratio 


3006392393 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.1.11,2 (contd) 


Reference 

Country and 
years of study 

Exposure estimates 

/Relative risk (95% Cl) 

Comments 

fS 

Parslov et a/. (2000) 


Cases Controls 

Values represent percentages 

2 

Denmark 

Ever-smoker 

56.5 64.7 

Difference not significant after adjustment for other 

¥ 

1987-94 



variables (data opt shown] 

g 

WeidetpaSs &. BaTon 

Former smoker 

0.9 <0.7-1.1) 

Adjusted for age, use of hormone replacement therapy. 

g 

(2001) 

Current smoker 

0.6 (0.5—0.8) 

body-mass index, parity, age at menopause, age at last birth. 


Sweden 

Cigarettes/day 


use of oral contraceptives, diabetes mellitus 


1994-95 

1-10 

0.9 (0.7-1.1) 




11-20 

0.7 (0.5-0.9) 


O 


>20 

0.7 (0.4-1.3) 


c 


Duration (years) 



s 


1-14 

0.7 (0.2-2.6) 


m 


15-30 

0.6(0.3-14) 


w 


31—45 

0.6 (0.3—0.9) 




> 45 

0.94(0.91-1.0) 





Table 2.1.11.3. Cohort studies on smoking and endometrial cancer 


■ Reference 
Country and 
years of study 

Study subjects 

Cases 

Exposure estimates 

Relative risk (95% Cl) 

Comments 



CedetlOf et al. 

Swedish Census 

80 cases. 

Ever-s maker 


Adjusted for age 


(1975); 

Study 

33 deaths 

Case 

0.7 



Baron(1984) 
Sweden 

1963-72 

27 732 women 


Death 

1.9 



Garfinke] 

Cancer Prevention 

224 

Regular smoker 

-l* 

Adjusted fbr age 

3 

(1980) 

Study (CPS) T 


vs. entire cohort 


Standardized mortality ratio for tionsmokec 

03 

USA 

1959-72 

590 562 women 




versus entire cohort is 96. 

> 

Cl 

Q 

Engeland et al. 

Norwegian Cohort 

140 

Former smoker 

1.2 (0.6-2.2) 

Smoking habits recorded in 1964-65 

Vl 

(1996) 

Study 


Current smoker 

1.1 (0.7-1.6) 

Adjusted for attained age 

§ 

Norway 

14 269 women 





£ 

1966-93 

310 000 person— 
years 






Nordlund 

Swedish Census 

248 

Former smoker 

1.02 (0.5—2.0) 



etal. (1997) 

Study 


Current smoker 

0.8 (0.6-1.2) 



Sweden 

25 829 women 


C i garettes/day 




1964-89 



1-7 

0.7 (0.4-1.1) 






8-15 

0.97 (0.6-1.6) 






1> 16 

1.04 (0.4-2.5) 






Age at starting 
smoking (years) 







20 23 

1.4 (0.6—3.0) 

p for trend — 0.35 





< 19 

0.6 (0.2—1.5) 




oo 


3006392394 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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^12 Prostate cancer 

1 j a review of prostate cancer and its relationship to smoking, Hickey et at. (2001) 
[and that the relationship in cohort studies that examined only causes of death was 
jigger than that in studies in which the incidence of cancer was determined during the 
jjjjviduals’ lives, which suggested to the reviewers that smoking might convert a rela- 
ijyeiy benign cancer into a more aggressive one. Alternatively, the small excesses 
Reived in the mortality studies may have been caused by the diagnostic bias referred to 
8 one of the problems with cohort studies in the General Remarks: namely, the effect of 
jeatb in the course of a slowly progressive major disease, as prostate cancer may be, is 
jltribated to the chronic disease when it actually occurred as a result of an acute disease 
plated to smoking, such as bronchopneumonia or myocardial infarction. It is certain, 
jam the many studies that have been reported, that any association with smoking is at 
roost weak and the cohort studies in this review are consequently limited to those that 
reported cancer incidence rates. Their design is described in Tables 2.1 and 2.1.12.1. Tlie 
results of 18 studies, including separately the two series reported by Hakuhnen et al. 
(1997) are summarized in Table 2.1.12.2. One study included in the review of Hickey 
- ff al (2001), namely that by Whittemore et al. ( 1084), has been omitted as 44% of the 243 
cases were diagnosed only at death, thus causing it to share the potential bias of a morta¬ 
lity Study. 

Several of the incidence studies provide only rudimentary details about smoking 
behaviour as they were focused primarily on other factors. Of the 17 studies, two provided 
evidence of statistically significantly increased risks associated with smoking. Firstly, 
Adami et al. (1996) found some evidence of a dose-response relationship, with the risk 
increasing with the number of cigarettes smoked per day (p = 0.04), although the small 
number of heavy smokers (38) showed no excess incidence. Secondly, Cerhan et al. 
(1997) found a significantly increased risk of 2.7 (95% Cl, 1.2-6.0) for the nine cigarette 
smokers in their series who smoked 20 or more cigarettes a day. Seven studies, however, 
found lower risks for current smokers than for nonsmokers, which was almost as many as 
lie nine studies that found increased risks. 

. The results of 30 casc-contiol studies have been reviewed by Levi and La Vecchia 
(2001). Two of the studies found some evidence of a positive relationship (Honda et al., 
1988; based on 216 cases; Schuman et al., 1977; based on 48 cases) and a third found a 
v significantly positive relationship with ever smoking, bn! no relationship with either dose 
or duration (van der Bulden et al., 1994; based on 345 cases). In contrast, the larger study 
f by Villeneuve et al (1999; based on 1623 cases) found a non-significant inveise relation¬ 
ship. The rest found no association worth noting. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 






Table 2.1.12.1. Description of additional cohort studies on smoking and prostate cancer 

Reference Name of study ■ Cases/deaths Comments 

Country and Cohort sample 

years of study 


Le March and 
elaf. (1994) 
Haw*i, USA 
1975-89 


Parker et al. 
(1999) 

USA 

1986-95 

Cerhan et a?., 

1997 

USA 

1982-93 

Thompson et at. 

(1989) 

USA 

1972-87 


Random sample among 
20 316 men from the 5 main ethnic groups 
in Hawaii: Japanese, Caucasians, Filipino, 
Hawai La n/Part-r Hawaii an, Chinese; aged 
> AS years 

1177 Iowa men aged 40—86 years 


Iowa 65+ Rural Health Study 
1050 non-institurionali 2 ed residents of 
rural counties in Iowa, aged 65—101 years 

Adult residents of an upper-middle-el&ss 
community in southern California, aged 
50—84 years 


Coses identified by the Hawaiian 
Tumor Registry 


Cases ascertained by Iowa Cancer 
Registry 


Cases ascertained by State Health 
Registry of Iowa’s cancer database 


1) Incident cases and 2) cases 
diagnosed before entering cohort or 
listed on death certificate without 
prior reporting 


Study investigating primarily animal fat 
intake and prostate cancer 


Cohort based or controls of a case- 
control study conducted in 1986—89; 
study investigating primarily farming 
activities and risk of prostate cancer 
Study investigating primarily body mass 
and physical activity as risks for prostate 
cancer 

[Results based on total cases cannot be 
considered prospective.] 


O 

§ 


< 

o 



Table 2.1.12.2. 

Cohort studies on smoking and prostate cancer 



Reference 

Country and 

years of study 

Name of study 

No. of men 

No. of cases 

Exposure related to non snickers 

Relative risk (95% Cl) 

Mills etal. 

Adventists’ Health Study 

172 

F onaer smoker 

1.2 (0.9-1.7) 


(1989) USA 

approximately 14- 000 men 


Current smoker 

0.5(0.2-1.6) 


1976-82 






Severson et al. 

American Men of Japanese 

174 

Former smoker 

0.9 (0.6-1.3) 


(19&9) 

Ancestry Study 


Current smoker 

0.9 (0.6—1.2) 


USA 

8006 men 





1965-86 





>-4 

Thompson et al. 

1776 men 

54 

Current smoker 

1.3 (0.8—2.3) 

O 

DP 

(19&9) 





> 

USA 





Cj 

o 

1972-87 





o 

Ross et al. (1990) 

Leisure World Study 

138 

Former smoker 

0.8 (NS) 

CO 

2 

USA 

5106 retirees 


Current smoker 

0.9 (NS) 

o 

I9SI-88 





3 

Hiatt et al (1994) 

Kaiser Permanent Medical 

222 

Former smoker 

L. 1 (0.8-1.5) 


fUSA) 

Care Program Cohort 11 


Current smoker 



1979-85 

43 432 men 


< 20 cigarettes/day 

1.0 (0.6-1.6) 





£ 20 cigarettes/day 

1.9 (1.2-3.1) 


Ue Marctvand 

SSgl men 

\98 

Cigarettes/ 1 da y 



et al. (1 994) 



Low quartile 

L.O 


USA 



Intermediate quartile (i) 

O r 9 (0.6-1.4) 


1975-89 



Intermediate quartile fit) 

1.0 (0.7-1.6) 





High quartile 

1.0 (0.6-1.6) 


Thune & L-und 

Norwegian Screening Study 

21 1 

Per 10 cigarettes/day 

1.1(0.9-1.3) 


(1994) 

43 685 men 






Norway 

1972-91 22 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Tabje 2.1.12,2 (contd) 


Reference 
Country and 
years of study 


Adam i ei a/, 

(J996) 

Sweden 

1971-91 


Engel and et al. 
(!996> 

Norway 

1966-93 

GrOnberg et al. 
(1996) 

Sweden 

1959-89 


Hakulmen eta/. 

(1997) 

' Finland 
1962-93 
1972, 1977—93 


Name of study 
No. of men 


No. of cases Exposure related to nansmokers 


i 35 006 men 

Swedish Construction Worker 
Cohort 


Norwegian Cohort Study 
11 863 men 


Swedish Twin Registry Study 
9680 men 


Finnish Men’s Cohort 
4601 men 


I I 373 men , 


Relative risk (95% Cl) 


2368 

Former smoker 

Current smoker 

Cigarettes/day 

l^f 

5—14 

15-24 
> 25 

1.1 (1.0-1.2) 
(.1 (1.0—1.2) 

1.06 (0.93-1. 
1.10 (0.99-1. 
1.14 (0.99-1, 
1.00 (0.72-1,. 
p for trend — ( 

703 

Former smoker 

Current smoker 

0.9 (O-7-t.l) 
1,1 (0.9-1.4) 

406 

Former smoker 

Current smoker 

Ever-smoker 

Tobacco use (g/day) 

1-9 

10—19 

2? 20 

0.9 (0.7-1.2) 
1.0 (0.7-1.4) 

I. 1 (0.8—1-5) 

J. O (0.7-1.4) 
0.7 (0 4-1.2) 

209 

Never-srrioker 

SIR k 

1.1 


Former smoker 

Current smoker 

0.9 [0.7-1.2J 
l.l rO.9-1.4] 

109 .. .. ; 

Never-smoker 

Former smoker 

0.9 

1.1 [0.8-1.4J 

• ' . ... a 

. Current smoker 

0.8 fO.<S-l.lj 


Table 2.1.12.2 (contd) 

7 



Reference 

Country and. 
years of study 

Name of study 

No. of men 

No. of cases 

Exposure related to nonsmokers 

Relative ri sk (95% Cl) 

Cerhan et al. 
(1997) 

USA 

1982-93 

Iowa 65+ Rural Health Study 

1 050 men 

71 

Former smoker 

Current smoker (cigarettes/day) 

<2Q 

>20 

1.2 (0.7-2.1) 

1.8 (0.7-2.4) 

2.7(1.2-6.0) 

Tulinius et al. 

Reykjavik Study 

524 

Compared with never-smokers 


(I997> 

Iceland 

1968-95 

1 \ 366 men 


differences for alt smoking categories 
p>0.1 


Veiered et c /.. 

Norwegian Screening, Study 

69 

Former smoker 

0.6(03-1-1) 

(1997) 

25 708 men 


Current smoker (cigarette s/d ay) 

< 10 

0.5(03-1-1) 

1977-92 



> 10 

0.6 (0.3-1.2) 

Giovannucci 

Health Professionals Follow-up 

1369 

Former smoker stopped 

0.9 (0.9-1-0) 

1,0(09-1.2) 

1.1 (0.9-1.3) 

et at. (1999) 

USA 

1986-94 

Study 

47 781 men 


S 10 years 

Former smoker stopped - 
<10 years 

Current smoker 

HeikkilS et al 
(1999> 

Finland 

1972-91 

Mobile Clinic Health Study 
\ 6 481 men 

366 

Current smoker vs entire cohort 

0.76 

Parker et al. 
(1999) 

USA 

1986-99 

1 \ 77 men 

81 

Former smoker 

Current smoker (cigarettes/day) 

<20 

£20 

1.3 (0.8—2.2) 

1.7 (0.8-3.8) 

1.9 (0.8—4.5) 


NS, not significant. 

4 Standardised incidence ratio calculated using the rates 


for Finland as the reference 


3006392399 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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^ 1.13 Leukaemia 

The study of the effects of smuking un leukaemia presents a problem, because 
Ijiiaemia is not one disease with a specific etiology, but a combination of several 
peases that have a pathological characteristic in common (namely, an abnormal number 
„f white cells in the blood) and which may have—and ill some respects certainly do have 
.1 different causes. In principle, it would be desirable to consider separately at least four 
jjjseases: namely, the acute myeloid, chronic myeloid, acute lymphoid and chronic lym- 
|tod leukaemias of adults. For therapeutic purposes, the myeloid leukaemias may be 
subdivided further, but the number of cases in most of the categories would be small and 
they have not generally been considered separately in etiological studies. Indeed even the 
acute and chronic forms have seldom been studied separately (although chronic lymphoid 
idikaemia is sometimes distinguished and may be classed with lymphomas) and the data 
available in relation tu smoking permit only the examination of leukaemia as a whole and 
of the myeloid and lymphoid categories separately. 

It is clear, from the many Studies that have been reported, that any association of 
leukaemia with smoking is weak, so that the most valid evidence is likely to be obtained 
from cohort studies rather than from case-control studies. Two types of leukaemia (acute 
myeloid and acute lymphoid leukaemia) are usually rapidly fatal and there is little likeli¬ 
hood that cause of death would be attributed incorrectly to these leukaemias rather (Iran 
to independent concurrent disease. It is also usually clear whether death duriug the course 
of chronic myeloid leukaemia is attributable to the disease itself. Only in the case of 
chronic lymphoid leukaemia is there any appreciable risk of death being attributed to the 
disease when it was actually due to an independent Smoking-related condition. Table 
2,1.13-1 therefore summarizes the results of both incidence and mortality studies. Many 
af these are studies of leukaemia only, lit others, however, leukaemia was only one of 
many cancers examined and the results of these need to be interpreted with caution when 
(lie numbers are small, as they may have been singled out for report because they appeared 
to be of interest. Two such small mortality studies have been excluded, because cigarette 
smokers were compared with non-cigarette smokers (including men who smoked only 
pipes and/or cigars) rather than with lifelong nonsmokers (Tvcrdal el at., 1993; Weir & 
Dunn, 1970). 

The results provide some weak evidence of an association of smoking with leukaemia. 
The incidence data are conflicting. Hie largest study, based on 400 cases, provided no 
evidence of an increased risk (Adami el al, 1998), but most of the others did, including 
to that reported statistically significant excesses fur the heaviest cigarette smokers, but 
were based on very small numbers (Mills et al ., 1990; Tulinius et d, 1997). The mortality 
data, in contrast, mostly showed small and statistically significant excesses of the urder uf 
30-50% among current smokers, including the data from (he US Veterans’ study 
(McLaughlin el al., 1989) and the data in men from the two studies carried out by the 
American Cancer Society (fiarfinkel & Boffeta, 1990). Three of the four studies of men, 
moreover, showed positive dose-response relationships. The only one of the six sets of data 
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not to show any excess risk in cigarette smokers was that for women in the first of the 
American Cancer Society’s studies, which described the observations made between 1959 
and 1965 when few women had been smoking for very many years. 

Eight studies gave separate data for myeloid leukaemias; six of these also gave 
for lymphoid leukaemias, including three that did not provide any data for all leukaemias 
combined (Paffenbarger etal, 1978; Friedman, 1993; Doll et a!., 1994). Separate data for 
myeloid and lymphoid leukaemia are summarized in Table 2.1.13.2, but descriptions of 
the studies are not included in this table, as most of them are described in Table 2.1.13,j 
(McLaughlin et al., 1989; Garfmkel & Boffeta, 1990; Mills et ai, 1990; Linet et ai, 1991 j 
Adami et ai, 1998). Three, however, are not listed in Tabic 2.1.13,1 and arc described 
below. Doll et al. (1994) followed 34 000 male physicians in the United Kingdom, who 
had been sent questionnaires about their smoking habits al the end of October 1951 and 
subsequently in 1957,1966,1972,1978 and 1990, and determined the causes of death of 
those who died before November 1991. Paffenbarger et al. (1978) followed 50 GOO format 
students (all males) at Harvard and Pennsylvania State Universities, who had been given 
questionnaires on entry' in 1916-50 aud 1931-40, respectively, and determined the causes 
of death of those who had died by 1975. In a case-control study nested in this cohort, each 
person who had died was matched with four controls from the same area, bom in the same 
year, and alive at the time the affected person had died. Friedman (1993) followed 61704 
men and 81 287 women with known smoking habits, who had attended two Kaiser 
Permanente Medical Centers in the USA, for a regular health appraisal, from the time of 
first attendance in 1964-72 to the end of 1988, death, or cessation of requested follow-up 
and determined the incidence of leukaemia from their clinical records. The incidence of 
leukaemia among nonsmokers and former smokes did not take into account data for 
smokers of cigars or pipe, but the data for current smokers did so. The results of all the 
studies were adjusted for age and (where necessary) for sex and, in some instances, also 
for additional characteristics, i.c. for calendar year of observation by Doll etal. (1994) and 
for area of residence by Nordlund etal (1997), ■ 

There is strong evidence for an association of cigarette smoking with myeloid 
leukaemia. Six out of eight sets of data for men, or for men and women treated as a single 
group, showed excess relative risks for current cigarette smokers. All of the excess risks 
were more than 60% and all were associated with dose-response relationships. The 
exceptions were the data set of Adami et al. (1998) in Sweden and a small data set for 
white insurance policy-holders in the USA reported by Linet et al. (1991). Of the two data 
sets for women, one (the first obtained by the American Cancer Society) showed no 
association with smoking whereas the other (the second oblained by the American Cancer 
Society) suggested a weak association that was not statistically significant (Garfinkel & 
Boffetta, 1990). 

The data for lymphoid leukaemia arc very different. Only two of eight studies provide 
any evidence of an increased risk associated with smoking (Paffenbarger et ai, 1978, 
Linet etal., 1991) and in neither case was the excess risk statistically significant. 


Although the strongest evidence comes from cohort studies, some data are also 
* ... a vailable from case-control studies, details of which are not included in this review. It is 
worth noting, however, that when Brownson etal. (1993) undertook an overview of the 
published studies of cigarette smoking and adult leukaemia, they found that a pooled 
dialysis of eight case-control series (including the study by Paffenbarger et al. (1978) as 
’’ ‘ a case-control study) gave relative risks of 1.1 (95% Cl, 1.0-1. 2 ) for all leukaemias, 0.9 
( 0 % Cl, 0.8-1.1) for chronic lymphoid leukaemia, 1.2 (95% Cl, 0.9-1.5) for chronic 
myelocytic leukaemia and 1.3 (95% Cl, 1.1-1.5) for acute non-lymphoid leukaemia 
(equivalent to acute myeloid leukaemia in most studies). 

Five subsequent studies provided inconsistent, but generally similar results when 
smokers were compared with nonsmokers. Mele et at. (1994) reported on 118 cases of 
acute myeloid leukaemia aDd 28 cases of acute lymphoid leukaemia in three Italian cities 
fittm 1987 to 199(1. The relative risks obtained were 1.6 (95% Cl 0.9—2 8 ) for acute 
< mydmd leukaemia in current smokers [smokers with a history of consumption of more 
than 10 pack-years are at greater risk] and 0.6 (95% Cl, 0.2 2.0) for acute lymphoid 
leukaemia in current smokers. Wakabayasli et al. (1994) repotted 011 75 cases of acute 
1 non-lymphoid leukaemia seen at the Hyogo College of Medicine in Japan from 1981 to 
1990; a relative risk of 1.76 (95% Cl, 0.96-3.23) was found for smokers. Kane et al. 
(1999) reported od 695 cases of acute myeloid leukaemia and 99 cases of acute lymphoid 
leukaemia seen in five areas of England from 1991 to 1996; the odds ratios for current 
smokers were 1.4 (95% Cl, 1.1-1.8) for acute myeloid leukaemia and 1.3 (95% Cl, 
0.7-2.3) for acute lymphoid leukaemia. Bjorktf a/ (2001) reported on 372 cases of acute 
myeloid leukaemia seen in southern Sweden; the relative risks obtained were greater than 
1.0 when smoking had continued for more than 20 years for both light smokers ( 1-10 
cigarettes per day: odds ratio, 1.1; 95% Cl, 0.65-1.9) and moderate or heavy smokers 
(>10 cigarettes per day: odds ratio, 1. 6 ; 95% Cl, 1.0-2.4) but were less than 1 .0 when 
smoking had continued for 20 years or less. However, Stagnaro et al. (2001) reported on 
646 cases of leukaemia in 12 areas of Italy and found odds ralios of less tlrau 1.0 for 
current smokers both for all leukaemia (0.88; 95% Cl, 0.69-1.1) and acute myeloid 
leukaemia (0.93; 95% Cl, 0.81-1.4) and an increased odds ratio for current smokers only 
for acute lymphoid leukaemia (1.2; 95% Cl, 0.54-2.5). 

For the most part, case-control studies aud cohort studies show a difference in risk 
between myeloid and lymphoid leukaemias. 

Characteristics of tobacco-related cases 

In general, it lias not been possible to link individual malignant neoplasms with 
specific causes. In the case of leukaemia, some evidence may be obtained from know¬ 
ledge of the chemicals in tobacco smoke and their relationship to specific cytogenetic 
changes. For example, benzene, a well-known leukaemogen is known to be present in 
significant concentrations in tobacco smoke. 

According to Korle et al. (2000), linear extrapolation from the known effects of high 
doses suggests that benzene may be responsible for 8-48% of smoking-induced cancer and 
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. a somewhat higher proportion (12-58%) of smoking-induced acute myeloid leukaen^ 
Specific increases in the frequency of partial loss of chromosomes 5 and 7 and tia^ 
locations involving chromosomes 8 and 21 have been found in the lymphocytes of health 
Chinese workers occupationally exposed to benzene (Smith et al, 1998; Zhang a a i 
1998) and similar chromosomal abnormalities have been noted in smokers in 5-10% 
cases of adult aeule myeloid leukaemia (Walker et al., 1994; Grimwade el a!., 1998) 

There have as yet been few detailed studies on the cytogenetics of acute myeloid 
leukaemia subdivided bv the individuals’ smoking habits, but some of them ofier support 
for the concept of a specific effect of benzene in the smoker. Lebailiy et al. (2002) divided 
472 cases of acute myeloid leukaemia into six cytogenetic groups and found higher odds 
ratios among smokers than in nonsmokers in 32 cases with 8'.2I translocations (evei- 
smukers, 4.77; 95% Cl, 1.77-12.85; current smokers, 7.07; 95% Cl, 2,64-18.95) and 
diminished odds ratios in 54 cases with 15:17 translocations (evcr-smokers,0.57; 95%^ 
0.32-1.00; current smokers, 0.41; 95% Cl, 0.23-056), bearing out the earlier findings 
reported by Sandler et al (1993) and Davico et al. (1998) from studies with smaller 
numbers. Among 155 cases of acute myeloid leukaemia with recognizable chromosomal 
aberrations, Sandler et a!. (1993) found 19 8:21 translocations, giving an odds ratio for 
ever-smokers of 1.7 (95% Cl, 0.60-5.13) and 26 with 15:17 translocations, giving an odds 
ratio of 0.42 (95% Cl, 0.17-1.01), whereas among 26 cases of acute non-lymphoid 
leukaemia with recognizable chromosomal aberrations, Davico et al. (1998) found nine 
with aberrations of chromosome 8 (six 8+, two 8- and one 8:21 translocation), giving 
odds ratios of 4.1 (95% Cl, 0.5—35.5) relative to patients with normal karyotypes for 
smokers of< 10 cigarettes/day and 14.2 (95% Cl, 1.4-142.3) for heavier smokers. 

Only Bjutk et al. (2001) failed to obtain similar results. Among 73 cases of acute 
myeloid leukaemia with recognizable chromosomal aberrations, 12 had 8+ aberrations, 
giving an odds ratio for ever versus never-smokers of 0.91 (95% Cl, 0.25-3.30). Smoking, 
however, was light in this study, with a medium number of pack-years of 21 for all 
aberrations and 14 for 8+aberrations. 
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Table 2.1.13.1 (contd) 


.Reference 
Country and 
years of study 

Population studied 

No. of cases 

Smoking categories 

Relative risk 
(95% Cl) 

Comments 


Adami et at . 

Swedish Construction 

400 men 

Former smoker 

0.9 (0.6-1.1) 



(1998) 

Workers Study 


Current smoker 

1.0 (0.8-1.2) 



Sweden 

333 288 men 


Cigarettes/day 




1971-9] 



1-14 

1,1 (0.9-1.4) 


> 




> 15 

£ 1.0 (0.7—1.3) 


5W 

o 




Duration (years) 







1-19 

0.9 (0,5- 1.5) 


o 




11-20 

0.8 (0.5-1.2) 






2 J -30 

1.2 (0.9-1.7) 


o 

a 




>31 

0.9 (0.7-1.2) 


g 

Mortality studies 






3 

McLaughlin 

US Veterans' Study 

1 588 men 





et al. (1989), 

293 916 men 

142 

Non smoker 

1.0 


g 

USA 


S48 

Ever smoker 

1.3 (pc 0.01) 


r -1 

1954—80 


299 

Former smoker 

. 1.3 (p < 0.01) 


S 



549 

Current smoker 

1.3 (p < 0.01) 


m 




Cigarettes/day 



Oo 



82 

< 10 

1.] 





286 

10-20 

\.3 (p c 0.01) 





181 

£21 

1.3 (p <0 .0! ) 

p for trend < 0.001 


Garfinkel & 

‘Cancer Prevention Study I 

477 men and 


Men Women 



BofTetta (1990) 

437 197 men, 

339 women 

Former smoker 

1 .4* 0.9 

*p c 0.05 


USA 

588 148 women 


Current smoker 

1.5* 0.8 



1959-65 



Cigarettes/day 







1-19 

J.3+ 0.8 

*p<0,05 





£20 

1.6* 0.8 





Table 2.1.13.1 (contd) 


Reference 

Country and 
years of study 

Population studied 

No, of cases 

Smoking categories 

Relative risk 
(95% Cl) 

Comments 


Garfinkel &£. 

Cancer Prevention Study il 

327 men and 

Former smoker 

1.4* 1.3* 

*p < 0.05 

•—3 

Boffetta (1990) 

489 696 men. 

235 women 

Current smoker 

1.5* 1.0 



19S2-86 

622 4S8 women 


Cigarettes/day 



> 




1-19 

1.6* 1.1 

"pc 0.05 

£ 




£ 20 

1.4* 0.9 


b 

Line! at at. 

17 633 inen 

72 men 

Any tobacco use 

1,1 (0.6—1.9) 


3S 

(1991) 

Lutheran Brotherhood 


Cigarettes and other 

1.3 (0.7—2-3) 


O 

USA 

Insurance Study 


tobacco 



s 

1966-86 



Only cigarettes 

1.2 (0.6-2.6) 






Ever-smoker 







Cigarettes/day 







£ 10 

0.9 (0.4-1.7) 






1 L-20 

1.3 (0.7—2.6) 






>20 

1.8 (0.8—3.7) 

p for trend < (1.05 
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Table 2.1.13.2. Cohort studies on tobacco smoking and myeloid and lymphoid leukaemias 


Reference 

Country and 
years of study 

Myeloid leukaemia 



Lymphoid leukaemia 




Sex 

No. of 

Status/quantity 

Relative risk 

Sex 

No. of 

Smoking 

Relative risk 

" 



cases 


(95% Cl) 


cases 

categories 

(95% Cl) . 


Incidence studies 
Mills etai. (1990) 

Men and 

12 

Nonsmoker 

1.0 

No data 





Adventists’ Health 
Study 

women 

10 

I 

Former smoker 
Current smoker 

2.2 (0.9-5.5) 
2.0(0.3-16.7) 




P 




Cigarettes/day 





o 



4 

1-14 

1.9 (0.6-6.3) 





S 



2 

15-24 

1.5 (0.3^7.0) 





§ 



5 

>25 

3.6 (1.1-11.1) 





8 

5 

-a 

ZC 

C/5 

Friedman (1993)“ 
Kaiser Permanente 
Medical Care 
Program Cohort I 

Men 

7 

13 

26 

Nonsmoker 

Former smoker 
Current smoker 
Cigarettes/day 

1.0 

2.3 (0.9-5.7) 
2,8(1.2-6.4) 

Men 

71 

(total) 

Nonsmoker 
Former smoker 
Current smoker 

1.0 

1.0 (0.5-1.8) 

0.8 (0.5-1.4) 



7 

<20 

Reference 





S 



14 

20—40 

1.4 (0.6-3.1) 





t— 



5 

> 40 

1.6 (0.5-5.1) 





2 


Women 

27 

Nonsmoker 

t.O 

Women 

46 

Nonsirtoker 

1.0 

m 



8 

Former smoker 

1.3 (0.6—2.8) 


(total) 

Fomer smoker 

0.6 (0.2-1.7) 

oo 



14 

Current smoker 

0.9 <0.4-1.7) 


Current smoker 

- 0.6 (0.3-1.3) 


Adami ex al. (1998) 

Men 

58 

Never- smok er 

1.0 

No data 




Swedish 


30 

Former smoker 

0.7 (0.5-1.2) 





Construction 


83 

Current smoker 

1.0 (0.7-1.4) 






Workers Cohort 



Cigarettes/day 








84 

0 

1.0 








61 

1-14 

1.3 (0.9-1.7) 








26 

2s 15 

0.8 (0.5-1.3) 








Table 2.1.13.2 (contd) 


Reference 

Country' and 
years of study 

Myeloid leukaemia 




Lymphoid leukaemia 





Sex 

No. of 

cases 

Status/quantity 

Relative risk 
(95% Cl) 

Sex 

No. of 

cases 

Smoking 

categories 

Relative risk 
(95% Cl) 

Mortality studies 












Paffenbarger er al. 

Men 

41 

Current smoker 

2.4 b 


Men 

27 


1.3 



(1978) 


(total) 

S !0 cigarettes/day 

3.6 b 



(total) 

£ 10 cigarettes/day 

2.7 



Harvard Alumni 












Study 












McLaughlin et al. 

Men 

71 

Nonsmoker 

1.0 



106 


1.0 



(1989) 


62 

Former smoker 

1.3 



84 

Former smoker 

1.2 



US Veterans’ Study 


142 

Current smoker 

1.6 b 



129 


1.0 


> 




Cigarettes/day 





Cigarettes/day 



n 





1.5 



15 

< 10 

0.7 


o 



64 

10-20 

1.5 b 



71 

10-20 



tr> 



55 

> 20 

2.0 b 



43 

>20 

1.1 


r> 

Garfinkei & 


Total 


Men 

Women 


Total 


Men 




Men 

150 

Former smoker 

2.2 D 

0.4 

Men 

130 





Cancer Prevention 

Women 

99 

Current smoker 

2.5 b 

0.7 

Women 

86 





Study I 



Cigarettes/day 





Cigarettes/day 







1-19 

2.3 b 

0.6 



1-19 

0.8 

0.9 





2 20 

2.9 b 

0.7 



2 20 

1.0 

0.8 


Cancer Prevention 


Total 










Study 11 

Meri 

147 

Former smoker 

1.2 

1.3 

Men 

93 



1.9 



Women 

124 

Current smoker 

1.7 b 

1.2 

Women 

59 

Current smoker 

0.8 

6.9 





Cigarettes/day 





Cigarettes/dav 







1-19 

1 .7 

1.5 



1-L9 

0.9 

0.7 





2:20 

1.8 

1.0 



2 20 

0.7 

1.1 
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2.1.14 Other organs 

The cancers reviewed in this section generally have low incidence and mortality rates 
and are not considered to be strongly associated with cigarette smoking. This raises the 
possibility of preferential reporting of positive associations in cohort studies. 

(a) Cancer of the salivary gland 

A population-based case-control study on salivary gland cancer (based on 25 cases) 
from Puerto Rico (Hayes et al., 1999) reported relative risks of 9.0 for men and 4.2 for 
women. Increasing number of cigarettes smoked per day showed a statistically significant 
trend for men ip = 0.02) and a statistically non-significant trend for women (p = 0.07). 
Two other case-control studies (Spitz et al., 1990; Swanson & Bums, 1997), however, 
found no increase in risk for cancer of the salivary gland among cigarette smokers, or only 
for the highest category of smoking intensity (> 80 pack-years). 

(i) Cancer of the small intestine 

Results are available fiom three case-control studies on the association between 
smoking and cancer of the small intestine; two found a two- to fourfold increase in risk 
among smokers (Chen et al, 1994; Wu et al., 1997), and the third indicated a 90% 
increase in risk (Kaerlev et al., 2002). In contrast, two other case-control studies, one con¬ 
ducted in the USA and the other in Italy, found no evidence for an effect of smoking on 
cancer of the small intestine (Chow et al., 1993; Negri el al., 1999). 

(c) Cancers of the gallbladder and extra-hepatic bile ducts 

Cancers of the gallbladder and extra-hepatic bile duets were considered in the 
previous IARC Monograph on tobacco smoking (IARC, 1986), but many more studies 
have been published since then. The results of the relevant cohort and case-control studies 
are summarized in Table 2.1.14.1. 

In the US Veterans' Study, Chow etal. (1995) found marginally elevated relative risks 
in former smokers and significantly elevated risks in current smokers. Subjects who 
reported smoking more than 20 cigarettes per day also had significantly elevated relative 
risks. Starting smoking at a younger age (< 20 years) increased relative risks relative to 
subjects who had started smoking at a later age (> 20 years). Elevated, but non-significant 
risks were found in relation to duration of smoking. 

Chow et al. (1994) studied 34 men and 30 women from Los Angeles county, CA, 
USA, with bile dud cancers, and 15 men and 26 women with cancer of the ampulla of 
Vater. These cases were compared with 97 men and 158 women chosen by random-digit 
dialling or from the Health Care Financing Administration files if over 65 years of age. 
All cases were histologically verified. Elevated, but non-significant risks were found in 
former smokers in all groups except for women with cancer of the ampulla of Vater. 

Moerman et al (1994) compared 114 cases of bile duct cancer with 487 population 
controls. After adjustment for age, sex and respondent status, former smokers were at a 
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lower risk (0.7; 95% Cl, 0.4-1.2) than current smokers (1.3; 95% Cl, 0.8-2.2) and a non- 
Significant trend in relative risks was observed in relation to the duration of smoking: 1.5 
for current smokers at interview and 1.4,1.1 and 1.2 in those who smoked for 2,5 andio 
years, respectively, before the interview. 

Yen cl al. (1987) recruited 67 patients with bile duet cancel from 11 hospitals in 
j Massachussels, USA, and 273 controls admitted with cancers unrelated to tobacco or 

alcohol consumption. After adjustment for age and sex, a negative association was found 
in relation to former smoking (odds ratio, 0.5), and in relation to current smoking (odds 
1 ratio, 0.4; 77 < 

Zatonski el al. (1992) compared 73 cases of gallbladder cancer with 186 controls in 
j Op°l e . Poland. No significant association was found in relation to lifetime number of 

cigarettes smoked (odds ratio, 0.6 for < 197 100 cigarettes in lifetime; 1.1 for more). 

Scott et al. (1999) compared the medical records of 68 cases of gallbadder cancer, all 
histologically verified, from six hospitals in Massachussets, USA, with 272 controls with 
gallstones or who underwent cholecystectomy. No significant associations between gall¬ 
bladder cancer and any smoking category (ever, current, former, years smoked or years 
since quitting) were found. A statistically non-significant fivefold increase in risk was 
found in relation to smoking after adjustment for age, sex, the presence/absence of gall¬ 
stones and history of 

[The Working Group.noted that medical records are not necessarily a reliable source 
of information on tobacco smoking.] 

Chalasani etai. (2000) compared 26 cases of cholangiocarcinoma to 87 controls from 
eight hospitals in the USA. After adjuslmeul for age and duration of primary sclerosing 
cholangitis, 110 significant association was found in relation to former or current smoking. 

Confounding 

In considering cancer of the gallbladder and extra-hepatic bile ducts, particular 
attention has to be paid to potential confounders, namely body-mass index and gallbladder 
disease. 

Chow el al. (1994) noted an increased risk for exirahepatic bile duct cancer in relation 
to body-mass index in both men (odds ratio, 4.0; 95% Cl, 1.1-14.2) and women (odds 
ratio, 2.7; 95% Cl, 0.8-9.4) in the highest body-mass index quartile. In addition, a history 
of gallbladder disease, gallstones and gallbladder inflammation was found to be an 
important risk factor for the development of gallbladder cancer. Gallbladder disease was 
also found to be an important risk factor in the study by Scott et al. (1999) (odds ratio, 
17.2; 95% Cl, 1.5-190), by Zatonski et al. (1992) and in a recent SEARCH case-control 
study on 196 cases and 1515 controls (odds ratio, 4.4 for gallbladder disease) (Zatonski 
eld., 1997). The only study reviewed that was stratified by smoking and gallbladder 
disease and body-mass index was that of Zatonski et al. (1992) that did not find an asso- 
ciation with tobacco smoking. 
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(d) Soft-tissue sarcoma 

One cohort study found an association between cigarette smoking and mortality from 
soft-tissue sarcoma after 26 years of follow-up, but no dose-response relationship was 
(bund with the number of cigarettes smoked per day, duration of smoking or number of 
, pack-years (US Veterans’ Study: Zahm etai, 1992). No effect of cigarette smoking was 
detected in an Italian hospital-based case-control study (Franceschi & Senaino, 1992). 

(e) Skin cancer 

(i) Melanoma 

A number of case control studies have found no difference in the prevalence of 
tobacco smoking between patients with malignant melanoma and controls ( 0 sterlind 
el al., 1988; Sietniatycki et al., 1995; Westerdahl et al., 1996; Lear el al., 1998; de Hertog 
eta/., 2001). An inverse association was found in one study (Green et al., 1999). 

< (ii) Non-melanoma skin cancer 

Tobacco smoking has been linked to the incidence of squamous-cell carcinoma in a 
prospective follow-up study of patients with prior skin cancer (Karagas et al., 1992) and 
in the Nurses’ Health Study (Grodstein et al., 1995), as well as in several case-control 
studies (Aubry&MacGibbon, 1985; Lear et al, 1998; de Hertog eta!., 2001). In contrast, 
neither cohort studies (Nurses’ Health Study: Hunter et al., 1990; Skin Cancer Prevention 
Study: Karagas et al., 1992; Health Professionals’ hollow-up Study: van Dam et a/., 1999) 
nor case-control studies (Sahl et n/., 1995; Lear et al., 1998; de Hertog el al., 2001) found 
an effect of smoking on the incidence of basal-cell carcinoma. 

(J) Ovarian cancer 

Two studies have shown an association of smoking with ovarian cancer (British 
Doctors’ Study: Doll et al., 1980, Green et al, 2001), but most studies were null (Smith 
etai., 1984; Stockwell & Iyman, l987;Whittemoreeta/., 1988, Polychronopoulou etai, 
1993; Norwegian Cohort Study: Engeland et al., 1996; Kuper et al., 2000). Recent 
interest in separating histological types of ovarian cancer has prompted researchers to 
report associations separately. Two studies have reported that smokers were at excess risk 
for mucinous epithelial ovarian cancer (Marchbanks et al, 2000; Green et al, 2001), but 
not for other histological types (Marchbanks el al„ 2000), but a th ird study did not support 
these findings (Kuper el al, 2000). 

(g) Testicular cancer 

No association has been found between cigarette smoking and risk for testicular 
cancer (Henderson et al, 1979; Coldmanetn/., 1982; UK Testicular Cancer Study Group, 
1994; Siemiatycki et al., 1995). One study found an increased risk, but positive dose- 
response relationships for duration and intensity of smoking were seen only in patients 
from one of three hospitals (Brown etai., 1987). 
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(h) Cancer of the central nervous system 

The incidence of gliomas has been associated with smoking in men (Hurley et a! 
1996; Lee et al., 1997), but not in women (Hurley et al, 1996; Blowers el al ., 1997; 
etai, 1997) or in both sexes combined (Ryan et al., 1992). One study reported increased 
risks for meningiomas associated with smoking (Ryan et al, 1992). Another study fomd 
an association ol brain tumours with smoking untipped cigarettes, but not with smoking 
filter-tipped cigarettes (Burch et at., 1987). Other studies have shown a lack of association 
of tobacco use with tumours of the central nervous system (Hochberg et al., 1990; US 
Veterans’ Study; McLaughlin et at., 1995). 

(i) Thyroid cancer 

Three studies have reported an inverse association of smoking with risk for thyroid 
cancer (Galanti et al., 1996; Kreiger & Parkcs, 2000, Rossing et al, 2000). Two studies 
have reported no association (Ron et al., 1987; Kaiser Permanente Medical Care Program 
Study: Iribarren et al, 2001) and two a positive association with smoking (Sokic et at., 
1994; Memon etai, 2002). 

(/) Cancer of the adrenal gland 

There are few data on risk factors for adrenal carcinoma. The US Veterans’ Study 
reported a fivefold increase in risk among current cigarette smokers during 26 years of 
follow-up, with risk being particularly high among those who smoked most intensely 
(Chow et al, 1996). Other forms of tobacco use were associated with a statistically non¬ 
significant increase in risk. A case-control study in the USA found a twofold increase in 
risk for adrenal cancer among heavy smokers in men, but not in women (Hsing et al. 
1996). 

(k) Lymphoma 

(i) Non-Hodgkin lymphoma 

Six cohort studies have examined the association between non-Hodgkin lymphoma 
and smoking. In five of these, no increased risk among smokers was evident (British 
Doctors’ Study; Doll et al, 1994; US Veterans’ Study; McLaughlin et al, 1995; Swedish 
Cnnstniction Workers’ Cohort: Adami et al., 1998; Kaiser Permanente Medical Care 
Program Study; Herrinton & Friedman, 1998; Iowa Women’s Health Study: Parker et al, 
2000). However, in one prospective study, men who had ever smoked cigarettes had a 
twolold increase in risk for non-Hodgkin lymphoma, and the risk was still higher among 
the heaviest smokers (Lutheran Brotherhood Insurance Study: Linct et al, 1992). In 
general, data from case-control studies also fail to support a large effect of smoking on 
the incidence of non-Hodgkin lymphoma (reviewed by Peach & Barnett. 2001; Stagnate 
etai, 2001). 

Only three studies have examined histological subtypes of non-Hodgkin lymphoma. 
In the Iowa Women’s Health Study (37 336 women followed for 11 years), smoking was 


associated with increased risk for follicular non-Hodgkin lymphoma (Parker et at., 2000). 
Similarly, two other studies reported a weak positive association between smoking and 
risk for follicular lymphoma, but no effect for other histological types (Herrinton & 
Friedman, 1998; Stagnant et al, 2901). 

(ii) Hodgkin lymphoma 

Three studies provided no support for the hypothesis that smoking increases risk for 
Hodgkin disease (Abramson etai., 1978; Bernard et al, 1987; Stagnaro etai, 2001) and 
four studies found weak associations (Harvard Alumni Study: Paffenbarger el a!., 1977; 
US Veterans’ Study: McLaughlin etai., 1995; Siemiatycki etai. , 1995; Swedish Cons¬ 
truction Workers Cohort: Adami et at., 1998). 

(0 Multiple myeloma 

Nine studies suggested no association between smoking and risk of multiple 
myeloma. Support for this conclusion comes from a number of cohort studies (US 
Veterans’ Study: Hcincman et at., 1992; Lutheran Brotherhood Insurance Study: Linet 
etai, 1992, Kaiser Permanente Medical Care Program Study: Friedman, 1993, British 
Doctors’ Study: Doll et al, 1994; US Veterans’ Study; McLaughlin et al, 1995; Swedish 
Construction Workers’ Cohort: Adami et al, 1998) and case-control studies (Linet et al, 
1987; Brown et al, 1992; Stagnaro et al, 2001). Only the relatively small Adventists’ 
Health Study reported an increased incidence of multiple myeloma among former and 
current smokers and statistically significant trends by number of cigarettes and duration 
of smoking (Mills el at., 1990). 
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Table 3.1.14J. Studie s oil tobacco Smoking and cancers of the biliary tract and gallbladder 


Reference Subjects (cases 

Country and and controls) 

years of 
study 


Smoking category Relati ve risk (95% CJ) (relative to never-smokers) 


Comments 


Cohort study 

Cho«' et al. US Veterans’ Study 

(1995) 250 000 men; 

USA 3 03 biliary tract 

1954—80 cancers 


Case-control studies 


Yen ef al. 67 extrabepatic bile 

(1987) duct cancers, 

USA 273 controls with 

1975-79 other cancers 


Chow e* al, 
(1994) 

USA 

1985-89 


105 extrahepatic bile 
duct (EBD) and 
ampulla ofVater 
(AV) cancers, 

255 population-based 

controls 


Former smoker 
Current smoker 
Cigare ttas/day 
< 10 
IG-20 
£ 21 

Age at starting 

smoking (years) 

<20 

20-24 

>24 

Duration (years) 

<30 

30-39 

>40 


1 .2 (0.8—1.8) 

1.5 (1.1-2.0) 

1.6 (1.0-2.6) 
1.2 (0.8-1.8) 
I .8 (1.2-2.7 ) 


1.8 (].1-3.1) 
1.6 (0.9-2.9) 
1.4 (0.8—2.7) 

1.6 (0.8-3.3) 

1.7 (0.9—2.9) 
1.7(10-2.9) 


Former smoker 
Current smoker 

0.5 (0.3-1.0) 
0.4 (0.2-0 9) 




Packs/day 

1 

> 1 

0.3 (1.0-0.9) 
0.5 (0.2-1.2) 





Men 

EBD 

Women 

Men 

AV 

Women 

Ever-smoker 

Pack—years 

J —50 
> 50 

1.7 (0.6—4.8) 

1-1 (0.3—3-3) 
2.2 (0.7—6.9) 

16(0.7-3.5) 

1.0 (0.4—2.6) 

3.1 (0.8—1 1.8) 

4.7 (0.6-37.9) 

4.9 (0.6—41.5) 
4.3 (0,5-3?.]) 

0.7 (0.3-1,8) 

0.4 (0.1-1.2) 
2.9 (0.9-10.0) 


Adj usted for age and 
calendar time period; age at 
starting smoking and 
number of years of smoking 
also adjusted for 
cigarettes/day 


Adjusted for age and sex 


Adjusted for age and ethnic 
origin 



Table 2.1.14.1 (eontd) 


Reference 

Subjects (eases 

Smoking category 

Relative risk (95% Cl) (relative to ncver-smokcre) 

Comments 

Country and 
years of 

and controls) 




study 





Scott et at. 

68 gallbladder 

Ever-smoker 

L.4 (p = 0.3) 

Age-adjusted 

(1999) 

cancers, 272 controls 

Current smoker 

6.9 (p = 0.8) 


USA 

with gallstones 

Former smoker 

l.9(p° 0.2) 


1983-94 

Years of smoking 

1.0 (p = 0.4) 




Years since quitting 

l .0 (p = 0.4) 


Za ton ski 

73 gallbladder 

Lifetime no. of 


Adjusted for age, sex and 

etal. (1992) 

cancers, 186 controls 

cigarettes smoked 

0.6(02-1.7) 


Poland 


< 197 100 




> 197 100 

J.1 (0.4-3.1) 





p for trend - 0.9 



1t4 biliary tract 

Former smoker 

0.7 (0.4-1.2) 

Adjusted for ag<=, gcx and 

et Pi. (1994) 

cancers, 487 

Current smoker 

1.3 (0.8-2.2) 


Netherlands 

population controls 

Cigarette smoker 



1984-87 

At interview 

1-5 (0.9-2.4) 




. 2 years before 

1.4 (0.9-2.2) 




5 years before 

1,3 (0.8-2. L) 




10 years before 

1.2 (0.8-2.0) 


Chalasani 
et al. (2000) 

26 cholangio- 
carcioomas with 

Ever-smoker 

0.7 0.1-3.6) 

Adjusted for duration of 

PSC and area 

USA 

primary sclerosing 




1991-98 

cholangitis (PSC), 

87 cancer-free 
controls with PSC 





3 

03 
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2.2 Pipe, cigar, bidi and other tobacco smoking 

2,2.1 Pipe and cigar smoking 
(a) Introduction 

Although cigar and pipe smoking are less common than cigarette smoking throughout 
much of the world, these products are used extensively in certain countries and sub¬ 
cultures, Furthermore, the resurgence in Ihe use of premium cigars in the USA between 
1993 and 1997 illustrates how aggressive marketing of a specific tobacco product can 
rapidly increase its usage, even in cultures where it appears to be no longer fashionable. 

The data on cancer risk in relation to cigar and pipe smoking are more limited than 
those available from studies of cigarette smoking. Fewer people have exclusively smoked 
cigars and/or pipes than have exclusively smoked cigarettes. The published studies are 
generally based on men, even lliouglt women in certain counliies smoke cigats and/oi 
pipes. Most studies of smoking cessation have greater statistical power to examine ciga¬ 
rette smoking than smoking of cigars or pipes. The smaller number of exclusive cigar 
and/or pipe smokers limits the opportunity to examine cancer risk in relation to the 
amount and duration of smoking, or to assess interactions with alcohol consumption. 
Persons who smoke cigarettes in combination with cigars antl/or pipes typically have a 
risk for tobacco-attributable cancels that is intermediate between those who smoke 
cigarettes only and those who exclusively smoke cigars or pipes. The analyses presented 
here pertain only to exclusive cigar and/or pipe smokers, excluding smokers who also 
smoked cigarettes, While the main characteristics of the case-control studies are 
presented together with the results of the studies, the reader is referred to the beginning of 
Section 2 for a description of the cohort studies presented. 

The tables are subdivided between (a) studies on smokers of pipes only and cigars 
only and (b) studies on smokers of both pipes and cigars, and studies that combined pipe 
and/or cigar smokers in one category. 


(b) Cancer of Ihe lip, oral cavil)' and pharynx 
(i) Cancer of the lip 

Clinical reports as early as 1795 linked pipe smoking with carcinoma of the lip (ICD-9: 
140) and tongue (ICD-9: 141) (Sommering, 1795; Clemmesen, 1965) as noted by Doll 
(1998). These reports were not taken very seriously, however, and these carcinomas were 
generally altributed lo Ihe heal of the clay pipe stem ralher than to any intrinsic carcino¬ 
genicity of tobacco (Doll, 1998). Several case series and case reports published since the 
1920s have noted Ihe association of lip cancer with various combinations of pipe smoking, 
sunlight, ionizing radiation, and/or alcohol consumption (Broders, 1920; Ahlbom, 1937; 
Ebenius, 1943; Bernier & Clark, 1951; Hamfrlainen, 1955; Wyndere/ a!., 1957). 

Two large case-control studies of lip cancer provide information on the relationship 
of lip cancer with pipe and cigar smoking. Keller (1970) studied 314 male cases, repre¬ 
senting a 20% sample of patients discharged from ail Veterans Administration hospitals in 
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the USA from 1958 until 1962. Two control groups were identified bv sa ™r 
F't® with cancers of the mucous membrane of the m “ JC 7 ''** 
patients discharged during the same period with no oral or pliaryntjeal cancer ! ? Cr of 
Pipes, cigars and cigarettes was significantly associated with^ip cancer 

occurfing in Netfolrndlidtca^ad” o^a”! Uyelr ^ & 1 

population controls. In comparison with the population euntrols the relative JcT"* 
enneer Associated with pipe smoking, adjusted for age, was IJ (> < 0 05 ) > 

Group noted that the study focused on nsk for lip ancer related t ^ ^ 
fchmg a „d gave no other itlfomlatio|1 M (obacct) , to ,hc 0K TO of 

been Ely^^ «"!**. 

pipes and/or “ hp ““ * nation to exclusive use 0 f 

(li) Oral and pharyngeal cancer 

Cohortstqdies 

SS}*f - 1-S 

p^ssr; 

five or more clears ner A™ ti, 0 V j- ‘ . U ’ ° ,7_ “ *) m men who smoked 

smoking of cigarettes exclmively ^n^TuU) “ T* ™ l 
reported for the Qfla ,, 1 , , \ ■ J ,A >- Mortality results were not 
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between 1964 and 197 T th ' ^ Ka ’ Ser Perm!lneate Medical Care Program 

D °"7 ' r ° ll0W ' up *° m 1971 »« »* identified 

andSfd 

smoke a pipe at enrolment was 2.6 (95% Cl, 1,2-5.8). Among cigar smoker, 


^ was higher among men who smoked five or more cigars per day (relative risk, 7.7; 
0 t Cl, 2.4-21.2) than in those who smoked less than five cigars per day (relative risk, 
I j ; 95 % Cf, 0.4-4.4). [The Working Group noted that the inclusion of former pipe 
gjokeB in the referent group in this analysis potentially underestimates tire association 
l^tween cigar smoking and cancer of the oral cavity and pharynx.] 

Shapiro el al. (2000) examined death rates from cancers of the oral cavity and 
pharynx among 7888 current and 7868 former cigar smokers in the Cancer Prevention 
Study II (CPS-II), followed from 1982 to 1994. The relative risk was highest among men 
who reported smoking three or more cigars per day (relative risk, 7.6,95% Cl, 2.9-19.6) 
god those who had smoked cigars lor >25 years (relative risk, 4.6; 95% Cl, 1.6-13), rela¬ 
tive to lifelong nonsmokers. 

Case-control studies 

The case control studies published since 1986 have consistently shown an increased 
n sk for cancer of the oral cavity and pharynx among men who exclusively smoke cigars 
or pipes (Table 2.2.2). 

Zheng el al. (1990) identified 404 patients diagnosed with histologically confirmed 
oral cancer (ICU 141,143-145) at participating hospitals in Beijing in 1988-89. An equal 
. number of controls matched on age, sex and hospital were randomly selected from non- 
cancer patients attending hospital for minor surgery and other conditions judged to be of 
less than t-year duration. Among pipe smokers, the odds ratio adjusted for alcohol con¬ 
sumption, years of education, sex and age was 5.7 (95% Cl, 2.4-133) in men and 4.9 
(95% Cl, 1.5-16.0) in women. The corresponding estimates associated with cigarette 
smoking only were 1.6 (95% Cl. 1,0-2.6) in men and 2.0 (95% Cl, 0.9—4.4) in women. 

La Vecchia el al. (1998) reported an association between exclusive cigar smoking and 
cancers of the upper acrodigcstivc tract from a hospital-based case-control study in Italy 
am! Switzerland. The cases iu this study included cancers of the oesophagus as well as 
tumours of the oral cavity and pharynx and overlap with those in an earlier study by 
Franceschi et al. (1990). 

Four other case-control studies have combined cigar and pipe smokers to examine the 
relationship of tobacco and alcohol consumption with cancers of the oral cavity and 
pharynx (Blot et at., 1988; Franceschi et al, 1990,1992; Fernandez Garrote et al, 2001). 
The largest of these studies is that by Blot et al (1988), based on 762 cases of 
oropharyngeal cancer diagnosed in four population-based tumour registries in the USA 
and 837 controls. Trained interviewers collected the information on tobacco and alcohol 
consumption. The relative risk estimate for men who smoked 40 or more cigars per week 
was 16.7 (9534 Cl, 3.7-76.7) when compared with the risk in never-smokers. The 
corresponding estimate in men who smoked 40 or more pipes per week was 3.1 (95% Cl, 
1.1- 8.7). 

Franceschi et al. (1990,1992) reported a strong association between ever smoking 
cigars or pipes and diagnosis of cancers of the oral cavity (all subsites combined) in a 
hospital-based case-control study in Italy (relative risk, 20.7; 95% Cl, 5.6-76.3). The 
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association was stronger for cancer of the mouth (relative risk, 21.9; 95% Cl, 3.8-125 61 
than for cancer of the tongue (relative risk, 3.4; 95% Cl, 0.3-39.1), 

Femande 2 Garrote et al. (2001) examined the relationship between cigar or pipj 
smoking and incident cancer of the oral cavity and pharynx in a hospital-based study 
Cuba. Tire relative risk estimate among men who smoked four or more cigars or pines r*. 
day was 20.5 (95% Cl, 4.7-89,7). ' . 

Table 2.2.3 presents the results of two studies that have stratified the analysis of 
cancer of the oral cavity and pharynx in relation to cigar and/or pipe smoking by levels of 
alcohol consumption (Biot et d, 1988; Iribarren el al, 1999). Men who smoked cigan 
and/or pipes and consumed three or more alcoholic drinks per day (iribarren el al., 19pm 
or 30 or more alcoholic drinks per week (Blot ?r al., 1988) had a substantially higlier risk 
than men who drank alcohol but abstained from smoking, or smoked pipe and/or cigar but 
drank alcohol only occasionally. 

(c) Lung cancer 

In most published cohort studies (Table 2.2.4) and case-control studies (Tabic 2.2.5), 
men who exclusively smoke cigars and/or pipes have a consistently higher risk for cancer 
of the trachea, lung and. bronchus (ICD-162) than men who have never smoked any 
tobacco product. 

Lung cancer risk increased with the number of cigars smoked per day in both the 
CPS-I (Shanks & Bums, 1998) and CPS-II (Shapiro etai, 2000) cohorts and in the Kaiser 
Pmnanente Medical Care Program cohort (Iribanren et al., 1999) 

Lung cancer risk increased with the amount and/or duration of smoking in two large 
European multi-centre, hospital-based case-control studies (lubin eta!., 1984; Boffetta 
et al ,, 1999) and in a case-control study in China (Lubin et al., 1992). 

In the case-control by Boffetta et al (1999), lung cancer risk decreased with time 
since cessation of cigar or pipe smoking. 

The relationship between depth of inhalation and lung cancer risk from cigar and'or 
pipe smoking has been examined in several studies (Lubin et al., 1984, Benhamou et al!, 
1986; Shanks & Burns, 1998; Boffetta et al., 1999; Shapiro et al, 2009). Lung cancer risk 
was generally highest in cigar smokers who report that they inhale the smoke, but cigar 
smokers who report no inhalation still have a lung cancer risk two to five times higher 
than that for lifelong nonsmokers (Boffetta et al., 1999; Shapiro et al., 2000). Men who 
had switched from cigarette smoking to pipes or cigars reported deeper inhalation of the 
smoke and had higher risks for lung cancer than men who had always smoked pipes or 
cigars (Wald & Wall, 1997). 

There is some evidence that the risk for lung cancer from cigar smoking may have 
increased over time. The relative risk estimates in cohort studies from the 1950s and 
1960s generally ranged from 1.5 to 2 .0 for men who were current smokers of either pipes 
or cigars at the time of the study (Kahn, 1966), However, all of the cohort studies (Doll & 
Peto, 1976; Carstensen etal., 1987, Lange etui, 1992; Tverdal err?/., 1993; Ben-Shiomo 
et al., 1994; Shanks & Bums, 1998; Iribarren et al., 1999; Shapiro et al., 2000) and 
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case-control studies (Lubin & Blot, 1984; Benhamou et al., 1986; Danrbcr & Larsson, 
1986; Bolletta et al., 1999) published after 1975 have reported relative risk estimates of 
> 2.0, many with point estimates above 4.0. 

(cl) Laryngeal cancer 

(i) Cohort Studies 

Cigar and pipe smoking were found to be strongly associated with increased risk for 
cancer of the larynx (ICD-9:161) among men in three cohort studies (Table 2.2.6) (Kalin, 
1966, Shanks &. Bums, 1998; Shapiro et al, 2000). 

Kahn (1966) identified six deaths from laryngeal cancer among male US veterans 
who smoked exclusively cigars at the time of enrolment in the US Veterans’ Study and 
were followed from 1954 until 1962. The age-adjusted relative risk estimate associated 
wilh current cigar smoking was 10.3 (95% Cl. 2.6-41.3). 

Death from laryngeal cancer was associated with cigar smoking in analyses based on 
a 12-year follow-up of men in the CPS-I cohort (Shanks & Bums, 1998). The age- 
adjusted relative risk associated with current cigat smoking was 10.0 (95% Cl, 4.0-20.6), 
based on seven deaths from laryngeal cancer among cigar smokers. The relative risk 
estimate was increased to 26.0 (95% Cl. 8.4-60.7) among men who smoked five or more 
cigars per day and to 53.3 (95% Cl, 0.7-296) among those who reported moderate to deep 
inhalation. The increased risk for laryngeai cancer associated with current cigar smoking 
during the 12-year follow-up was similar to the increased risk associated with current 
cigarette smoking during the first four years of follow-up (relative risk, 10.0; 95% Cl, 

3.5- 285] (US Department of Health and Human Services, 1989). 

Seven deaths from laryngeal cancer were recorded in CPS-II during follow-up from 
1982 until 1994 among men who exclusively smoked cigars (Shapiro et al., 2000). 
Current cigar smoking was associated with an increased death rate from laryngeal cancer 
'compared with never-smokers(relative risk, 10.3; 95%Cl, 2.6-41.0). The corresponding 
age-adjusted estimate associated with current cigarette smoking was 10.5 (95% Cl, 

3.6- 30.4) among men in CPS-II during the first 4 years of follow-up (1982-86) (US 
Department of Health and Human Services, 1989), fn dose—response analyses based on a 
small number of cases, the relative risk associated with cigar smoking was higher in 
current smokers than in former smokers, in those who smoked more cigars per day, who 
reported smoking for 25 or more years and who reported inhaling the cigar smoke. 

(ii) Case~control study 

In a hospital-based case-control study in northern Italy, Franceschi et al. (1990) 
identified 162 incident cases of men with laryngeal cancer and 1272 controls between 
June 1986 and June 1989 (Table 2.2.7). Only one case exclusively smoked cigars or pipes, 
whereas 94% of cases and 76% of controls smoked cigarettes. 

Several of the studies that examined the relation of cigar and/or pipe smoking to 
laryngeal eancer are not considered here, eidier because they included persons who also 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



3006392416 


850 


1ARC MONOGRAPHS VOLUME S3 


TOBACCO SMOKE 


85! 


smoked cigarettes (talk el al, 1989; Muscat & Wynder, 1992) or because 6^- 
smokers were included in the referent group (Freurienheim eta}., 1992). 

(e) Oesophageal cancer 
(i) Cohort studies 

Exduswe smoking of cigars and/or pipes has been associated with increased risk fc, 
cancer of the oesophagus (tCD-9: 150) in several cohort studies (Table 2 28) fKaJ, 
1966; Carstensen et al, 1987; Shanks & Bums, 1998; Shapiro cm/., 2000). ’ 7 

In the US Veterans’ Study, 14 deaths from oesophageal cancer occurred between 1 9 tj 
and 1962' among men who, at enrolment, reported currently or formerly smoking cim* 
exclusively (Kahn, 1966), Risk was higher among current cigar smokers (relative 
,7 on 12 deaths), than in former cigar smokers (relative risk 

; 4; 95/o Q, 0.5-10.9, based on two deaths). Few male veterans had smoked pipes exclu¬ 
sively I he association between current pipe smoking and oesophageal cancer was based 
on only three deaths (relative risk, 2.0; 95% Cl, 0.6-7.1). ^ 

Pipe and cigar smoking were associated with similar increases in death rate from 
oesophageal cancer in a cohort of 25 129 Swedish men (Caistenseu el al., 1987) n. 
Swedish Census Study cohort is unusual in that 27% ofthemen smokeda pipe, whereas 
only 5/o smoked exclusively cigars and 22% cigarettes. The relative risk estimate 
associated with current pipe smoking was 3.6 (95% Cl, 1.1-11.8, based on six deaths) 

whereas the association with current cigar smoking was 6.5 (95% Cl, 1.3-33 5 based on' 
two deaths), ’ ' ’ ™ 

Tlie largest study of the association of oesophageal cancer with cigar smoking was 
based on CPS-!, in which 30 deaths from oesophageal cancer were identified among 
15 U men who reported exclusive cigar smoking at the time of enrolment (Shanks & 

rowVrV! ^ ° Veral1 Klative risk associated with currcnt 5moki,, g wasM 
l95/<. U, 2.2-S.6) relative to lifelong nonsmokets. Risk increased with the number of 

cigars smoked per day and with (he self-reported depth of inhalation. 

Shapiro et al (21)00) identified 17 deaths from oesophageal cancer among 15 756 men 
participating in CPS-1I who reported current or former cigar smoking at the time of enrol¬ 
ment and were followed from 1982 through 1994. The relative risk estimate was slightly 
higher m current cigar smokers (relative risk, 1.8; 95% Cl, 0.9-3.7) than in former cigar 
smo ers (relative risk, 1.3; 9599 Cl, 0.6—2.8). Dose-response analyses based on nine 
deaths among current cigar smokers showed an increase in the risk of oesophageal cancer 
with the duration of smoking, but not with the number of cigars smoked per day or with 
depth of Inhalation 

(ii) Case-control studies 

The case-control studies on smoking and oesophageal cancer are summarized in 
■able 2.2.9 (Franceschi et al., 1990; Rabat etal, 1993; La Vecchia et al., 1998). 

Rabat 1 1 al, (1993) examined the relationship of pipe and/or cigar smoking to specific 
histological types of oesophageal cancer in a hospital-based case-control study of 431 male 


„ cS and 4544 hospital controls in the USA. Eleven cases of squamous carcinoma of the 
^jophagus and nine cases of adenocarcinoma of the distal oesophagus or gastric cardia 
^ smoked pipes and/or cigars only. The risk among pipe and/or cigar smokers was not 
jMificantly higher than that of lifelong nonsmokers for squamous carcinoma (relative 
^ 1.8; 95% Cl, 0.8—4.1) or adenocarcinoma (relative risk, 1.1; 95% Cl, 0.5—2.3). 

None of the studies of pipe and/or cigar smoking in relation to oesophageal cancer have 
sufficiently large to assess the possible interactions between smoking and alcohol 
(Onsumption. 

(f) Stomach cancer 

Pipe and/or cigar smoking were consistently associated with a small increase in 
incidence of stomach cancer (ICD-9:151) in most cohort studies (Table 2.2.8) and case- 
coalrol studies (Tabic 2.2.9), but the number of cases who smoked cigars and/or pipes 
exclusively was small and the 95% confidence intervals in these studies often included 
ike null. 

Chao et al. (2002) examined the relationship between tobacco smoking and death 
Dorn stomach cancer among men who currently or formerly smoked cigars or pipes at the 
tune of enrolment in CPS-11. Increased mortality from stomach cancer was associated 
irith current cigar smoking (relative risk, 2.3; 95% Cl, 1.5-3.5; 25 deaths) and pipe 
smoking (relative risk, 1.3; 95% Cl, 0.8-2.2; 16 deaths). Relative risk estimates were 
highest in men who reported smoking five or mure cigars per day (relative risk, 4.2; 
)5%Cl, 2.3-T.6) and those who inhaled the smoke (relative risk, 3.9; 95% Cl, t.9-8.0). 

(g) Colorectal cancer 

Current pipe and/or cigar smoking were associated with an increased risk for cancer 
of the colon and/or rectum (ICD-9:153^1) in several cohort studies (Table 2.2.10). 

The largest analysis is based on follow-up of the US Veterans' Study from 1954 until 
1980. Heineman et a!. (1995) reported a higher death rate from both colon cancer (relative 
risk, 1.3; 95% Cl, 1.1-1.4) and rectal cancer (relative risk, 1.4; 95% Cl, 1.2-1.8) among 
men who exclusively smoked pipes and/or cigars compared with never-smokers. The 
relative risk for colon cancer increased significantly with the number of cigars smoked 
per day (p for trend - 0.004) and the relative risk for rectal cancer increased with the 
aumbet of pipes smoked per day (p for trend = 0.007). 

Current smoking of pipes and/or cigars was associated with an increased risk for 
colon or colorectal cancer in the British Doctors’ Study (relative risk, 1.7; 95% Cl not 
stated) (Doll & Peto, 1976), the Lutheran Brotheihood Insurance Study (relative risk, 1.6; 
95% Cl, 0.8-3.2) (Using etal., 1998) and the Finnish Mobile Clinic Health Examination 
Study (relative risk, 1.5; 95% Cl, O.S-2.6) (Knekt et al., 1998). Current cigar and/or pipe 
smoking was also significantly associated with increased mortality from colorectal cancer 
among men in the CPS-11 who had smoked for 20 or mote years (relative risk, 1.3; 
95% Cl, 1.1—1.6) (Chao et al., 2000). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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The Working Group was aware of no published case-control studies of exclusive pjp e 
and/or cigar smoking in relation to cancers of the colon and rectum. 

( h ) Cancer of the liver and intrahepatic bile ducts 

Carstenscn el al. (1987) reported an association between current cigar smoking and 
increased death rates from cancer of the liver and biliary passages (ICD-9:155-156) 
among 25 129 Swedish men followed from 1963 to 1979 (relative risk, 7.2; 95% Cl, 
2.2 23.4, based on four deaths) (Table 2.2.11). 

Hsing et al. (1990a) reported an increased risk for primary liver cancer among current 
pipe and/or cigar smokers participating in the US Veterans' Study (relative risk, 3.1; 
95% Cl, 2.048). 

(i) Cancer of the gallbladder and extrahepalic bile ducts 

Cancer of the extrahepalic bite ducts (1CD-0; 156.1) was also associated with cigar 
and/or pipe smoking in a population-based case-control study of 105 histologically 
confirmed cases and 255 controls in Los Angeles County, USA (Table 2,2.12) (Chow 
et al., 1994). Two cases of cancer of the extrahepatic bile duct occurred among men who 
had ever smoked cigars or pipes exclusively (relative risk, 1.6; 95% Cl, 0.3-9.9), com¬ 
pared with lifelong nonsmokers. Two additional cases involved the ampulla of Vater (rela¬ 
tive risk, 7.6; 95% Cl, 0.6-100.4). 

if) Cancer of the pancreas 

Pipe and/or cigar smoking were associated with an increased risk for pancreatic 
cancer (ICD-9:157) in most of the cohort studies (Tabic 2.2.13) and case control studies 
(Table 2.2.14). 

(i) Cohort studies 

The largest study encompassed a 12-year follow-up of men in CPS-1 (Table 2.2.13) 
(Shanks & Bums, 1998). The age-adjusted relative risk for death from pancreatic cancer 
among current exclusive cigar smokers, compared with lifelong nonsmokeis, was 1.6 
(95% Cl, 1.2-2.1), based on 56 deaths. The risk for pancreatic cancer increased with the 
number of cigars smoked per day and with the depth of inhalation of the cigar smoke. 

Higher risks for pancreatic cancer in current cigar smokers than in nonsmokeis were 
also reported among men in the US Veterans’ Study (relative risk, 1.5; 95% Cl, 0.99-13, 
27 deaths) (Kahn, 1966), in the Kaiser Permanente Medical Care Program Study (relative 
risk, 1.2; 95% Cl, 0.5-2.9, 6 cases) (Iribarren et al., 1999) and in CPS-II (relative risk, 
1.3; 95% Cl, 0.9-1.9,28 deaths) (Shapiro et al., 2000). 

Current pipe smoking was significantly associated with increased risk far pancreatic 
cancer in the Swedish Census Study (relative risk, 2.8; 95% Cl, 1.5-5.2) (Caistensen 
etai, 1987). 


(ii) Case-control study 

In the hospital-based case-control study reported by Muscat etal. (1997), men who 
ever smoked cigars exclusively bad an increased risk for pancreatic cancer (relative risk, 
3.1; 95% Cl, 1.4-6.9) (Table 2.2.14). For ever smoking a pipe, the odds ratio for 
pancreatic cancer incidence was 1.8 (95% Cl, 0.9-5.3). 

(fr) Cancer of the bladder and kidne)’ 

Epidemiological studies of cigar and/or pipe smoking in relation to cancers of the uri¬ 
nary bladder (ICD-9: 188) and kidney (ICD-9: 189) are summarized in Table 2.2.15 
(cohort studies) and Table 2.2.16 (case-control studies). Men who exclusively smoked 
pipes had a significantly increased risk for bladder cancer in the Swedish Census Study 
(relative risk, 4.0; 95% Cl, l.9-8.6), the largest prospective study to evaluate pipe 
smoking (Carstensen et al., 1987). Men who smoked more than three cigars daily had an 
increased risk for bladder cancer relative to that of lifelong nonsmokers in CPS-I (Shanks 
St Bunts, 1998) and CPS-II (Shapiro et al„ 2000). 

Taken separately, none of the cohort or case-control studies included a sufficient 
number of cases who smoked pipes or cigars exclusively to evaluate dose-response 
relationships precisely. The largest study of bladder cancer was the pooled analysis of 
European case- control studies by Pitard et al. (2001). The risk for bladder cancer increased 
significantly with number of years of smoking for both pipes (p for trend = 0.006) and 
cigars (p for trend < 0.001). 

The four studies on kidney cancer (Kahn, 1966; Jensen et al., 1988; McLaughlin 
etai, 1995; Iribarren et al, 1999) had limited statistical power to assess associations 
between pipe or cigar smoking and cancers of the renal pelvis or parenchyma. 

(I) Prostate cancer 

Men who exclusively smoked pipes or cigars had higher death rates from prostate 
cancer (ICD-9: 185) than lifelong nonsmokers during the first 8.5 years of follow-up of 
the US Veterans’ Study (Kahn, 1966). Compared with lifelong nonsmokers, the relative 
risk estimate was 1.5 (95% Cl, 0.98-2.4) for men who currently smoked pipes, and 1.5 
(95% Cl, 1.03-2.2) for current cigar smokers. Little association was seen between 
prostate cancer mortality and pipe and/or cigar smoking in the 26-year follow-up of the 
same cohort (Hsing et al., 1991), [The Working Group noted that the information on 
smoking was not updated during either follow-up, so that misclassification of exposure 
could have attenuated the findings in the longer follow-up.] 

Using et al. (1990b) also studied the much smaller Lutheran Brotherhood Insurance 
Study cohort (Table 2.2.17). Mortality from prostate cancer was higher among men who 
ever smoked pipes or cigars than in lifelong nonsmokers (relative risk, 1.6; 95% Cl, 
0.7—3.5), although the association was based on only nine deaths. No increase in risk for 
prostate cancer was seen among men who currently smoked pipes in the Norwegian 
Screening Study (Tverdai et al., 1993) or among men who ever smoked pipes or cigars in 
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a population based case-control study in Montreal, Canada (Tabic 2.2.18; Sharpe & 
Siemiatycki, 2001). 


condiments arc often added in small quantities. Other forms of smokeless tobacco include 
3 powder or paste used to clean the teeth and snuff. 


(m) Cancer of the haematopoietic system 

The cohort studies (Table 2.2.19) and case-control studies (Table 2.2.20) that have 
related cigar and/or pipe smoking to haematopoietic cancers are generally too small to be 
informative. 

, («) Cancer of other organs 

The Norwegian Screening Study examined the relationship between pipe and/or cigar 
smoking and the risk fur brain cancer (Tverdal el ai, 1993). The number of cases was loo 
small to be informative (Table 2.2.21). 

2.2.2 Bidi and other tobacco smoking 
(a) Introduction 

This section covers smoking in forms practiced mainly in South Asia and in Africa, 
Most of the available studies have been conducted in India on the association of cancer 
with bidi smoking as well as, depending on the region studied, smoking of chillum (clay 
r pipe), cheroot and chutta, including reverse chutta smoking. Other studies have reported 

j on khiiyoo smoking in Northern Thailand, kiraiku smoking in Kenya and reverse cigarette 

: smoking. 

Bidi smoking is the most common form of tobacco smoking in India. The bidi is an 
indigenous smoking stick 4-8 cm long, usually containing 0.15-0.25 g coarse tobacco 
j flakes rolled in a rectangular piece of dried temburni leaf (Diospyros melanoxylon). The 

number of bidis produced and consumed in India is 7-8 times higher than the number of 
cigarettes, thus most studies on health risks to smokers in India have concentrated on bidi 
i smoking. Moreover, cigarette smoking is common generally only in higher 

socioeconomic groups. Besides bidis and cigarettes, other smoking habits include various 
indigenous forms of pipe and cheroot smoking. Cheroots are small cigars made of heavy¬ 
bodied cured tobacco rolled in a dried tobacco leaf and tied with a thread. Chuttas are 
! coarsely prepared cheroots. The length of chuttas varies from 5 to 12 cm. Chutta smoking 

is widespread in coastal areas of Andhra Pradesh, Tamil Nadu and Orissa. The hookah, nr 
j hooka, is a pipe that allows the tobacco smoke to pass through water before the smoker 

inhales it (water pipe). The chillum is a straight, conical day pipe used for tobacco 
smoking. 

When assessing the carcinogenic effects of smoking, it is necessary to consider 
several potentially confounding common habits such as chewing of betel quid with 
tobacco, chewing tobacco with or without lime, and drinking alcoholic beverages. Betel- 
quid chewing is the chewing of a quid made up of fresh betel leaves (Piper belle), areca 
nut (Areca catechu ), slaked lime (calcium hydroxide) and almost always, tobacco. Various 


(i>) Cancer of the oral cavity and pharynx 

Results of case-control studies on bidi and other tobacco smoking and cancer of the 
oral cavity and pharynx are presented in Table 2.2.22. 

(i) Cancer of the oral cavity 

Three hospital-based case-control studies on cancers of subsites of the oral cavity 
(gingiva, tongue and floor of the mouth, buccal and labial mucosa) were conducted at the 
Regional Cancer Centre in Trivandrum, Kerala, astate in southern India, during 1983-84. 
Control patients, matched for age (within 5 years), sex and religion, were selected among 
outpatients who came for treatment to the Medical College in Trivandrum, with respi¬ 
ratory, intestinal and genitourinary infections or who came for a cancer check-up for sites 
other than the head and neck. Both cases and controls were interviewed by trained social 
workers to elicit sociodemographic information, history of habits and clinical details. All 
cancer cases were confirmed by biopsy. Chewing of betel quid with or without tobacco, 
bidi smoking, cigarette smoking, alcohol use and nasal snuff inhalation were the main 
habits practiced by the study population. These studies analysed only men for smoking 
and alcohol habits because few women practiced these habits. 

The case-control study on carcinoma of the gingiva consisted of 187 cases and 895 
matched controls (Sankaranarayanan et ai, 1989a). After using forward stepwise logistic 
regression on the four main habits of chewing of betel quid with tobacco, bidi smoking, 
alcohol drinking and snuff inhalation, the relative risk for smoking bidis for 20 years or 
less was 2.6 (95% Cl, 0.7-9.9) and that for smoking bidis for more than 20 years was 2.1 
(95% Cl, 1.2-27.9). 

The study on cancer of the tongue (11 = 188) and floor of the mouth (n = 40) included 
158 men and 70 women (Sankaianarayan et ai, 1989b). Two controls were selected for 
each case and matched for age (within 5 years), sex and religion. Forward stepwise 
logistic regression was used to estimate relative risk for chewing of betel quid with 
tobacco, bidi smoking, bidi—cigarette smoking and cigarette smoking. A relative risk of 
7.5 (95% Cl. 2.6-21.7) was noted for men who smoked 20 or more bidis per day. 

The study of cancer of the buccal and labial mucosa included 413 cases and 895 
controls (Sankaranarayan et al., 1990a). When forward stepwise logistic regression was 
used to create a multivariate model of risk for cancer of the buccal and labial mucosa 
adjusted for other hahits, bidi smoking had a relative risk of 2.9 (95% Cl, 1.3-6.6) for a 
duration of the habit up to 20 years and 1.7 (95% Cl, 1.1—2.6) for a habit that continued 
for 21 years or more. 

A hospital-based case-control study was carried out during 1980-84 at the Tata 
Memorial Hospital, a cancer hospital in Mumbai (Bombay), India, on 713 men who were 
histopathologically diagnosed with oral cancer and 635 controls free from cancer, benign 
lesions or infections diseases (Rao et ai, 1994). The average age of the case group was 
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50.4 years and that of the control group was 45.4 years, Those who smoked bidis had 
relative risk of 1.6 (95% Cl, 1.3-2.0) for oral cancer. Men who smoked hookah and 
clnllum had a relative risk of 5.0 (95% Cl, 1.4-22.0). The trends in relative risks7 
intensity and duration of bidi smoking were both statistically significant (p< 0.001) m/ 
Working Group noted that the study had several deficiencies, particularly in the selectioo 
of controls that resulted in cigarette smoking apparently being protective for oral cancer 
The data analysis seemed to be confined to univariate analysts.] 

A hospital-based case-control study was undertaken on 647 male patients with tongue 
cancer at the Tata Memorial Hospital, in Mumbai, India, between 1980 and 1984 (R a(> ^ 
Desai, 1998). During the same period, 635 men, the majority of whom had come to the 
hospital for a check-up and were found to be free of cancer, benign lesions and infection 
were selected as unmatched controls. Habits included betel quid, areca nut, tobacco and 
lime, bidi, cigarettes and other forms of tobacco smoking. Bidi smoking was by far the 
most common smoking habit. Unconditional logistic regression was used to estimate 
relative risk after stratification by age and place of residence. Ridi smoking was a signi¬ 
ficant risk factor for cancer of the base of the tongue (relative risk, 5.9; 95% Cl, 4.2-8,2) 
Bidi smoking did not pose a statistically significant relative risk for cancer of the anterior 
tongue at any level of smoking intensity, but the relative risks for cancer of the base of the 
tongue were statistically significant at all levels of smoking intensity and a statistically 
significant trend was observed. Duration of smoking was not a significant predictor of risk 
for cancer of the anterior tongue, but it was for cancer of base of the tongue, with a signi¬ 
ficant trend that peaked at 21-30 years (relative risk, 7.7; 95% Cl, 4.8-13.0). A model 
created with unconditional logistic regression that included bidi smoking, alcohol drinking, 
illiteracy, non-vegetarian diet and tobacco chewing showed that the greatest risk for cancer 
of the base of the tongue came from smoking bidis (relative risk, 4.7; 95% 0,3.5-6J), 
Cancer of the anterior tongue was not associated with bidi smoking in this model. 

A population-based case-control study of upper aerodigestive tract cancers was 
conducted in Bhopal, central India (Dikshit & Kanhere, 2000). Men who had cancers that 
had been recorded during 1986-92 by the Bhopal Population-Based Cancer Registry were 
potential cases. Those with tongue cancer (not otherwise specified) or registered from 
death certificate only were excluded. Only those subjects who gave complete information 
on tobacco use were included, giving 163 lung cancer patients, 247 oropharyngeal cancer 
patients and 148 oral cavity cancer patients (all squamous-cell carcinomas) as study cases. 
A tola! of 260 controls were randomly selected after age stratification of a sample of about 
2500 men recruited during 1989-92 in a tobacco habit survey of a randum sample of 
Bhopal voters. After adjustment for age and tobacco quid chewing, the relative risk for 
smokers (bidis and'or cigarettes) was 1.5 (95% Cl, 0.9-2.4). Smoking for more than 30 
years led to a significant relative risk for oral cavity cancer of 4.3 (95% Cl, 2.0-9.1). The 
estimated relative risk for the highest of three levels of cumulative years of smoking was 
6.0 (95% Cl, 2.6-13.7). 

A hospital-based ease-control study of cancer of the oral cavity was conducted in 
three areas of southern India (Bangalore, Madras and Trivandrum) between 1996 and 
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[999 (Balaram « al., 2002). A ratal of 591 incident cases were enrolled (309 men, 282 
women). Control subjects were selected from the same hospitals (centres) as cases and 
were frequency-matched by centre, age and sex. In Madras and Bangalore, the controls 
were relatives and friends of other cancer patients. In Trivandrum, controls were selected 
(pirn general medical outpatients or attendees of the cancer clinics who had been found 
fee of malignancy. The control group included 292 men and 290 women. Odds ratios for 
jien who smoked bidis were: for < 20 bidis per day, 2.0 (95% Cl, 1.1-3.8); and for > 20 
per day, 2.5 (95% Cl, 1.4-4.4). 

(ii) Pharyngeal cancer 

A hospital-based case-control study of oropharyngeal cancer was earned out in 
Nagpur, Maharashtra in Central India (Wasnik et al., 1998). The cases were 123 patients 
newly diagnosed with oropharyngeal cancer, confirmed by histopathnlogy. Each case was 
matched with two hospital controls on age and sex. For each case, one control was 
selected from non-cancer patients and the other from patients with cancer at sites other 
than head and neck. Unconditional logistic regression analysis was used with the major 
risk factors identified from an initial model. Odds ratios for tobacco smoking, predo¬ 
minantly in the form of bidi and/or chillum, were 2.3 (95% Cl, 1.2-3.7) after adjustment 
for tobacco chewing and outdoor occupation. [The Working Group noted some problems 
with the data analysis.] 

A case-control study was undertaken on 1698 men with pharyngeal and laryngeal 
cancers seen at the Tata Memorial Hospital, Mumbai from 1960 to 1984 (Rau el al., 
1999). There were 678 patients with cancer of oropharynx, 593 patients with cancer of the 
hypopharynx, and 427 patients with cancer of the larynx. A total of 635 controls were 
selected from mate outpatients at the same hospital who had been found to be free from 
cancer, benign tumours and infectious disease. The estimated relative risk for bidi 
smoking was 5.6 (95% Cl, 4.1-7.6) for cancer of the oropharynx and 2,0 (95% Cl, 
2.0-3,5) for cancer of the hypopharynx. A dose-response relationship was ob served for 
intensity and duration of bidi smoking for both sites. When unconditional logistic 
regression was performed with adjustment for alcohol, illiteracy, diet and tobacco 
chewing, bidi smoking was the most important factor for both sites. 

In the study by Dikshit and Kanhere (2000) (described in Section 2.2.2(fr)(i)), a high 
relative risk for oropharyngeal cancer among subj ecB who smoked only bidis (odds ratio, 
7.9; 95% Cl, 5.1-12.4) and a positive relationship with intensity of bidi smoking were 
observed. 

(iii) Oral leukoplakia 

Case reports 

A case of reverse cigarette smoking was reported from the Hospital ‘De 
Tjongerschans’, Heerenveen, the Netherlands, where a dentist had referred a 59 year-old 
woman who had smoked for 40 years with the glowing end inside the mouth, having 
learnt the habit from her mother who originated from Aruba in the Netherlands Antilles. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Oral examination revealed a thick, leathery palatal mucosa with burnt, charred areas, ’ft." 1 
buccal mucosa at both sides showed diffuse leukoplakic lesions. Biopsy of the 
leukoplakia showed hyperkeratosis with slight to moderate epithelial dysplasia. After * 
years of follow-up, no malignant changes were noted (Hogewind et ai, 1987), 

A 69-year old immigrant from the Philippines was referred to the Department o' 
Stomatology at the School of Dentistry, University of Manitoba in Winnipeg, Canada, 
an unusual lesion of the hard palate. She reported having practiced reverse smoking % [q 
years, having begun the habit in the Philippines. A white lesion covered her entire fopA’ 
palate and near the mid-line there was an area of chaned tissue. Minor salivary gi^ 
stood out as red spots, as in nicotine stomatitis. A biopsy of the hard palate revedoi . 
moderate hyperkeratinizatiem without dysplasia. A 50-year-old woman who had ernigu]^" 
from the Caribbean had a clinical history similar to that of the woman described above. SI* 
was diagnosed with hyperkeratinization without dysplasia (Stoykewych etai, 1992 

Cross-sectional and case-control studies (Table 2.2.23) ; 

A cross section of vil lagers aged 21 years and above, in four vi llages in three districts 
of Andhra Pradesh where it was known that reverse chutta smoking was practised, 
surveyed for palatal lesions (Van der Eb et al, 1993). A random sample of 758 persons 
was drawn from the electoral rolls and 480 of them (250 women, 230 men) wet? 
examined and interviewed by health professionals with special training. Many could ■, 
be examined due to bad weather, others due to emigration or death, but refusals we : 
uncommon. Reverse chutta smokers constituted 33.3% of the sample, about two-third 
which were women; conventional chutta smokers amounted to 12.5% (mainly men); L 
smokers, 4.2% (all men); cigarette smokers, 2.9%; tobacco chewcrs, 2.1 %; and to 
with mixed habits, 4.2%. Nun-tobacco users constituted 33.5% of the sample, about M- 
thirds of which were women, and 7.3% were former smokers. Palatal lesions were found 
with all smoking habits, but were far more common and most severe in reverse smoked, 

The age and sex-standardized percentages of palatal lesions were as follows: 0.9% oftV 
men and 3.9% of the women who were nonsmokers; 55% of the bidi smokers; 54.751: » 

the men and 63.3% of the women who were conventional chutta smokers; and 93.0 51 ■: 
the nten and 92.2 % of the women who practised reverse chutta smoking. Palatal tesii - _ 
found in higher proportions in reverse smokers included preleukoplakia, leukoplakia to 
palatal keratosis. Al! but one of the atrophic areas were found in current and ex-few 1 
chutta smokers and all the nine carcinomas found were in current reverse chutta smokr* 

A population-based case-control study of leukoplakia was carried out in Kenya W 
house-to-house survey using a cluster-sampling technique (Macigo et al., 1996). Indivi¬ 
duals with leukoplakia found through oral examination (» = 85) were enrolled as ca*j 
Controls (n - 141) were matched for sex, age and the cluster of origin. Tobacco Mi 
smoked in the form of cigarettes and kirailtu rolls, a type of local, handmade, stitdkii 
sticks, using cured, dried and crashed tobacco, rolled in any one of the following: dri 
banana leaves and stem peelings, dried com husks, newspaper or other paper. The relaug; 
risk for oral leukoplakia in current cigarette smokers was 8.4(95% Cl, 4.1 17.4) am 
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for current kiraiku smokers was 10.0 (95% Cl, 2.9-43.4). in former kiraiku smokers, the 
[Native risk was 4.9 (95% Cl, 2.3-10.4). Duration of smoking before cessation showed a 
jjpid towards greater risk with increasing duration. A gradual downward trend was seen 
f or the number of years since quitting kiraiku smoking; however, the relative risk for an 
jnterval of more than 10 years since quilting was still significantly increased. [The 
Working Group noted that the study did not adequately control for possible confounding 
with cigarette smoking.] 

Intervention studies 

A large controlled prospective intervention trial for primary prevention of oral cancer 
was conducted in India m the districts of Emakulam (Kerala), Bhavnagar (Gujarat) and 
Srikakulam (Andhra Pradesh). The intervention cohort consisted of over 12 000 tobacco 
users of 15 years of age and older in each of the three districts. Members of this cohort 
were interviewed about their tobacco use and examined for the presence of oral lesions. 
They took part in an educational programme on tobacco use through annual fnllow-ups 
during 1977-88. The control cohort consisted of over 17 000 persons, all tobacco users 
aged 15 and over in randomly selected villages in the same three districts, who were exa¬ 
mined and followed up in a similar manner to that for the intervention cohort, hut with 
minimal educational intervention during 1966-77 (Gupta et al ., 1986a). Eight annual 
follow-up surveys were conducted after the first 2 years, covering a 10-year period 
(1977-88). The analysis was restricted to tobacco users with an appropriate length of 
follow-up period. The results are discussed district by district, and are summarized in 
Table 2.2.24. 

ihavuagar District 

The size of the intervention cohort in Bhavnagar was 12 221 and that of the control 
cohort was 3704, all subjects were men as very few women used tobacco in that area. 
Both bidis and clay pipes were commonly smoked by men in the Bhavnagar District. A 
small proportion of men practised chewing habits. 

After five years of follow-up, the proportion of individuals re-examined at least once 
l the intervention cohort was 96.5% and in the control cohort, 83.5%. The proportions 
^individuals who quit their tobacco habits in the control and intervention cohorts were 
■ /o and 13%, respectively. There was little difference in the incidence rate of leukoplakia 
‘'ween the two cohorts (Gupta et d, 1986b). 

I ckakulam District 

The size of the intervention cohort in Srikakulam District was 12 038 and that of the 
^trol cohort was 7542. Smoking was the major tobacco habit, practised mostly in the 
f.'on of reverse chutta smoking. Men also smoked chuttas in the conventional manner, 
a 'l bidis. Women practised only reverse chutta smoking. The proportions of individuals 

quit their tobacco habits in the control and intervention cohorts were 3.5% and 17%, 
^Pectively. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Incidence rates of oral precancerous lesions (mainly palatal lesions associated with 
reverse smoking) were substantially lower in the intervention cohort than in the control 
cohort for all tobacco habit groups. The 5-year age-adjusted incidence rates per 1000 fo t 
palatal changes for women who were reverse smokers were 513.9 in the control area and ^ 
292.0 in the intervention area and, among men, 427.7 and 163.3, respectively. The rate 
ratio for the protective effect of intervention on reverse smokers was 0.38 in men and 0 57 ' t " 
in women (Gupta etai, 1986b). 

Ernakulm Dislricl 

■ f 

Al baseline in the intervention cohort, the prevalence of leukoplakia was 2.9% in the 
intervention cohort and 2.7% in the control cohort (Mehta et al., 1982). 

After eight years of follow-up, the expected number of cases of leukoplakia in the 
intervention cohort was calculated using age- and sex- specific incidence rates from the 
control cohort. The ohserved number of leukoplakia was only 41% of the expected 
number in men and only 28 % of the expected number in women (Gupta d al., 1990), , 

Afler 10 years of follow-up, 14.3% of tobacco users in the intervention cohort had 
discontinued their tobacco habit as compared with 4.5% in the control cohort. Among .■ -i 
individuals who reported stopping bidi smoking, only one bidi-associated leukoplakia and 
one central papillary' atrophy of the tongue were found, compared to the expected 5,8 
leukoplakia, 6.0 central papillary atrophy and 27.1 other bidi-associated oral mucosal !. 
lesions (leukoedema, preleukoplakia and smokers' palate), based an the incidence rates 
among all other individuals. The differences in observed and expected rates were statis- 
tically significant (p < 0.05) (Gupta et al.. 1992). 

The relative risks for malignant transformation for the nodular form of leukoplakia 
were reported to be 3243.2, for ulcerated leukoplakia 43.8 and for homogeneous leuko-. 
plakia 25.6 when compared with individuals with a tobacco habit, but no oral pre¬ 
cancerous lesions (Gupta etd, 1989). 

(The Working Group noted the 10-year calendar time difference between the inter- a 
vention and control cohorts.] 

The educational intervention that was undertaken in these studies was helpful in 
reducing the use of tobacco in all areas and in increasing cessation rates in two of the three 
areas. Spontaneous regression rates of oral precancerous lesions were higher among 
individuals who reported stopping or reducing their tobacco use than in those who did not 
The incidence rates of oral precancer were lower in the intervention cohorts in two of the | 
areas (leukoplakia in Emakulam and palatal changes in Srikakulam) than in the respective 
control cohorts. 

(c) Limg cancer 

In northern Thailand, hand-rolled cigars called khiiyoo are commonly smoked. In a 
hospital-based case-control study conducted in Chiang Mai, Thailand, the odds ratios for ^ 
lung cancer for khiiyoo smoking were 1.2 in men and 1.5 in women [p > 0.05) (Simarak 
etui, 1977). 


In the case-control study by Dikshit & Kanhcrc (2000), described in Section 
2 2.2(b)(i)> the age-adjusted relative risk for lung cancer among smokers of bidis only was 
H.6 (95% Cl, 6.4-21.3) (Table 2.2.25). 

A hospital-based case-control study of lung cancer was conducted in Chandigarh, 
northern India. A total of 235 men with cytologically or histologically confirmed lung 
cancer was recruited between January 1995 and June 1997. Four hundred and thirty-five 
male controls were selected from visitors and attendants of the patients. Results were 
presented both separately and combined for bidi, cigarette and hookah smoking. For the 
purpose of analysing smokers of different types of tobacco products, cigarette equivalents 
were calculated by applying a weight of 1 (= lg of tobacco) to cigarettes, 0.5 to bidis, and 
4 hookahs. The odds ratio for bidi smoking was 5.8 (95% Cl, 3.4—9.7), and for hookah 
smoking, 1.9 (95% Cl, 0.9-4.4). Risks by intensity of smoking bidis increased at 
successively higher intensities. The highest odds ratio for 9 pack-years was for bidi (3.9; 
95% Cl, 2.1 7.1), followed by hookah (1.9; 95% Cl, 0,9-4,4) and cigarette (1.9; 95% Cl, 
0.9-44). There was a clear decreasing trend for years since quitting (Gupta et al., 2001). 

(d) Laryngeal cancer 

The case-control studies on bidi smoking and laryngeal and oesophageal cancer are 
summarized in Table 2.2.26. 

In a hospital-based case-control investigation in Trivandrum, India, information on 
190 men with squamous-cell carcinoma of the larynx confirmed by biopsy and 546 male 
controls was collected during 1983-84 (Sankaranarayanan etal, 1990b). Unconditional 
logistic regression, sometimes with a forward stepwise approach, was used to produce 
estimates of relative risk adjusted for age and religion, Occasional users were excluded 
fom the analyses of frequency, duration and age at starting smoking. All levels of 
intensity of bidi smoking were associated with significant relative risk estimates, ranging 
fa 1.8 (95% Cl, 1.1-2.9) to 5.1 (95% Cl, 2.7 9.6), with a highly significant trend 
(p<0.001). When duration of bidi smoking was tested in a forward stepwise logistic 
regression model adjusted for cigarette smoking, alcohol consumption and the combi¬ 
nation of bidi with cigarette smoking, the relative risk for bidi smoking for more than 21 
years was 7.1 (95% Cl, 4.0-12.5), with a highly significant trend (p < 0.001). Daily inten¬ 
sity of bidi and cigarette smoking also exhibited a highly significant trend in this model 
&K0.0Q1). 

The case-control study described in the section on cancer of the pharynx (Rao et al, 
1999) also included 427 patients with cancer of larynx. A total of 635 controls were 
selected from male outpatients at the same hospital who had been found to be free from 
cancer, benign tumours and infections disease. Cases and controls were stratified into four 
5-year age groups and by place of residence. The estimated relative nsk for bidi smoking 
was 2.3 (95% Cl, 1.7-3.2). A dose-response relationship was observed for number of 
bidis smoked daily. When unconditional logistic regression was performed using five 
factors, bidi smoking was the most important risk factor. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(e) Oesophageal cancer 

A hospital-based case-control study of oesophageal cancer was carried out dim 
1983-84 at the Regional Cancer Centre, Trivandrum in Kerala, India (Sankaranaraya^! 
et al ., 1991). Among 267 cases recruited to the study, 67% were histopathologjqa||,. 
confirmed and the remainder were radiologically diagnosed. From outpatients attending 
the centre and surrounding medical complex during this period, 895 controls with nun* 
malignant orpre-malignant conditions were selected, Relative risks were adjusted f or ag^ 
and religion through unconditional logistic regression. Significant effects were noted id 
men for all levels of intensity of bidi smoking and for a duration of more than 20 years of 
bidi smoking (Table 2.2.26). The trends for intensity and for duration of smoking ofbidis 
and ofbidis and cigarettes were all significant. In a forward stepwise logistic regression 
model, duration of bidi smoking and daily frequency of bidi/cigarette smoking emerged 
as statistically significant factors. 


A hospital-based case-control study investigated the risk for oesophageal cancer by 
subsite and histomorphologyat the Kidwai Memorial Institute of Oncology, Bangalore in 
Karnataka, India (Nandabmar et a!., 1996). Of 549 patients (284 men, 265 women) 
diagnosed with oesophageal cancer between 1982 and 1985, data were collected on 343 
(177 men, 166 women) using a structured questionnaire. Of these, 236 cases had a micros¬ 
copically confirmed diagnosis of squamous-celJ carcinoma. For each case, two controls 
were randomly selected from a database of 1875 patients who were proven not to have 
cancer or benign tumours. They were matched on sex, 5-year age group, area of residence 
and calendar time of their hospital visit. Among the men, 12 cases and 15 controls predo¬ 
minantly smoked bidis but also smoked cigarettes, and were combined with the bidi 
smokers. Similarly, four men who predominantly smoked cigarettes but also smoked bidis 
were considered to be cigarette smokers. Women were not included in the analyses 
because few of them practised those habits. After adjusting for tobacco chewing, chewing 
of betel quid without tobacco, alcohol drinking and cigarette smoking, bidi smoking had 
an odds ratio ot 4.0 (95% Cl, 2.3—6.8) for cancer of the oesophagus. Bidi smoking resulted - 
in a significantly elevated risk for all three segments of the oesophagus, but the highest 
was for the upper third (odds ratio, 7.1) 95% Cl, 1.1-46.S), followed by the middle third 
(odds ratio, 6.0; 95% Cl, 2.5-14.5) and the lower third (odds ratio, 3.9; 95% Cl, 1.4-10.7). 

In a case-control study conducted from February 1994 toMarch 1997 at the All India 
Institute of Medicine (AIIMS), New Delhi, 150 patients with histopathologically con¬ 
firmed oesophageal cancer were enrolled as cases (Nayar eta!., 2000). An equal number 
of controls were selected from individuals accompanying patients to the same hospital, 
after matching for age (+ 5 years), sex and socioeconomic status. Both cases and controls 
had to meet the criterion that they bad not suffered from any major illness in the pasl that 
had caused them to change their dietary consumption pattern. Data were stratified on 
socioeconomic status into five groups. Using unconditional stepwise logistic regression, 
bidi smoking showed an odds ratio of 2.0 (95% Cl, 1.2-3.3). This was adjusted for other 



^li factors in Ihe model, such as chewing of betel leaf with tobacco and low consumption 
0 pvegetables other than leafy vegetables. 

(/) Stomach cancer 

A hospital-based case-control study of stomach cancer was conducted at the Cancer 
Institute (AVIA), Madras, located in south India, as part of a multi-centre study 
(Gajalakshmi & Shanta, 1996; see Table 2,2.27). Patients with stomach cancer confirmed 
by histology, endoscopy, barium meal or surgery were included in the study. The control 
pool was formed by cancer patients diagnosed at the Cancer Institute, excluding those 
with cancer of the oral cavity, pharynx, larynx, lung, urinary bladder, pancreas and gastro¬ 
intestinal tract. Each case was matched with a cancer patient from the control pool on age, 
sex, religion and mother tongue. Details collected on smoking habits included type of 
tobacco smoked, age at starling smoking, amount smoked per day, and age at cessation 
(more than 6 months prior to diagnosis of cancer). The odds ratio for stomach cancer for 
current smoking of any type of tobacco was 2.7 (95% Cl, 1.8-4.1); for current bidi 
smoking the odds ratio was 3.2 (95% Cl, 1.8-5.7); that for chutta smoking was 2.4 
(95% Cl, 1.2-4.9); that for having more than one smoking habit was 8.2 (95% Cl, 
1.7-38.9). The trend for increasing lifetime exposure to bidi smoking was highly signi¬ 
ficant ip < 0.001). A significant trend for increasing lifetime chutta smoking was also 
seen. In a multivariate model including tobacco habits, alcohol drinking and various 
dietary factors, as well as income, education and area of residence, the odds ratios for 
current smokers, former smokers and ever-smokers were not substantially different from 
those in the above models. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 




Table 2.1.1. Cohort studies on exclusive pipe and/or tigar smoking and cancer of the oral cavity and pharynx 


Reference 

Study and years of study 

Site 

ICD codes 

Smoking category 
(cases or deaths) 

Relative risk 
(95% CI) 

Variables adjusted for/ 
comments 


Pipe only or cigar only 






Hammond & Horn (1958) 

Oral cavity, pharynx, 

Never-smoker (4) 

1.0 



American Cancer Society 

larynx. Oesophagus 

Ever pipe only (7) 

3.5 [1.02-12.0] 



(9-State) Study 

1 952-55 


Eyct cigar only (10) 

5.0 [1.6-15,9] 



Kahn (1966) 

Oral cavity 

Never-smoker (1 1) 

1.0 

Age 


US Veterans’ Study 

140-144 (JCD-7) 

Former pipe only (1) 

2.5 [0.3-19.1] 

> 



Current pipe only (4) 

3.1 [0.99—9.8] 





Former cigar only (2) 

3.0 [0.7-1 3.5) 


> 



Current cigar only (9) 

4.1 [t.7-9.9] 


O 


Pharynx 

Never-smoker (4) 

1.0 




145-148 (ICD-7) 

Former pipe only (0) 

- 





Current pipe only ( I ) 

2.0 [0.2-17.7] 


g 



Former cigar only (1) 

3.7 [0.4-32.8] 





Current cigar only (0) 

- 


3 

Carstensen et ol. (1987) 

OraL cavity, pharynx, larynx 

Never-smoker (4) 

1.0 


< 

Swedish Census Study 

140-146, 148, [61 (ICD-8) 

Current pipe only (3) 

1.4 [0.3-6.3] 


o 



Current cigar only (1) 

0.6 [0.1-5.4] 


cz 

Shanks & Bums- (] 99S) 

Oral cavity, pharynx. 

Never-smoker (18) 

1.0 


m 

Canter Prevention Study 1 

excluding salivary glands 

Current cigar only (25) 

7.9 (5.1-1 1.7) 


pc 



1—2 cigars/day 

2.1 (0.4—6.2) 





3—4 cigars/d^y 

8.5 (3.7-16.8) 





> 5 cigars/day 

15.9 (8.7-26.8) 





No inhalation 

7.0(4.!-] 1-0) 





Slight inhalation 

7.8(1.6-22.9) 





Moderate and deep inhalation 

27.9(5.6-81 5) 




Ph aryr.x 

Never-sm oker ([ 0) 

1.0 





Current cigar only (] 2) 

6.7(35-1 1.8) 





1-2 cigars/day 

3.8 (0.8-11.1) 





3—4 cigars/day 

7.5 (2.0—J9.3) 





> 5 ci gars/day 

9.9 (3.2-2 3.2) 




Table 2.2.1 (contd) 


Reference Site 

Study and years of study 1CD codes 


Shanks & Burns (1998) 
(eontd) 


lribarren ei at. 11999) Oral cavity, pharynx 

Kaiser Pemnanente Medical 
Care Program Sludv 

1971-96 

Oral cavity, pharynx, 
larynx, oesophagus* 


Shapiro el at. GOOO) Oral cavity, pharynx 

Cancer Prevention Study II 

1982-94 


Smoking category 
(cases or deaths) 

Relative risk 
<95% Cl) 

Variables adjusted for/ 
comments 

No inhalation 

6.9 (3.3-12.6) 


Slight inhalation 

5.0 (0.1-27.7) 


Moderate aid deep inhalation 

15.5 (3.6-12.1) 


Never-smoker (39) 

1.0 

Age, race, body-mass 

Current cigar only (8) 

2.6 (1.2-5.8) 

index, diabetes, alcohol. 

< 5 cigars/day (3) 

| .3 (0.4—4.4) 

occupational exposures 

> 5 cigars/day (4) 

7.2 (2.4-2 1.2) 


Never-smoker (57) 

1.0 


Current cigar only { 1 0) 

2.0 (1.0-4.1> 


< 5 cigars/day (4) 

l.l (0.4-3.1) 


> 5 cigars/day (5) 

5.2 (2.0-13.5) 


Never-smoker (20) 

1.0 

Age, alcohol, use of 

Former cigar only (4) 

2.4 (0.8—7.3) 

smokeless tobacco 

Current c igar only (6) 

4.0(1.5-10.3) 


1-2 cigars/day (0) 

- 


> 3 cigars/day (6) 

7.6 (2.9-19.6) 


< 25 years (0) 

— 


> 25 years (5) 

4.6 (1.6-13.0) 


No inhalation (3) 

3.2 (0.9-1 1.0) 


Inhalation (2) 

6.5 (1.4-29.2) 



Pipe and cigar 
Doll & Peto (1976) 
British Doc lots’ Study 
1951-71 

Chow et af. (1993) 

US Veterans’ Study 
i 954-80 


Oral cavity (excluding 
nasopharynx), pharynx, 

larynx, trachsa 

Nasopharynx 


Never-smoker 
Current pipe/cigar only 

Never-smoker (5) 

Ever pipe/cigar only (2) 


1.0 

9.0 

1.0 

1.0 (0.2—5-2) 


Age 

Includes former 
cigarette smokers 


Age, year 


30 


S5 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 




Table 2.2.2. Cast^-control studies on exclusive pipe and/or tigar smoking and cancers of the oral 


cavity and pharynx 


Reference Study characteristics 

Country and 
years of study 


Site 

ICD9 codes 


Smoking category Relative risk Variables adjusted for/ 

i.cases/controls) <95% C J) comments 


Pipe only or cigar only 

Zheng et al. (3 990) 248 cases (men) 

248 hospital controls, age 
1 8—80 years, response rate 
1 00 / 100 % 


China 

1988-89 


Li VeCchia ei al. 
(1998) 

Italy/Switzerland 

1984-97 


Pipe and cigar 
Blot el al. (1988) 

USA 
1984—85 


Franceschi et al, 
(1990) 

JUdy 

1986-89 


156 cases (women) 

156 hospital controls 
59 cases (men). 

801 hospital controls, age 
< 75 years, response rate 
' 98/97% 

36 cases (men) 

23 cases (men) 


762 cases (men) 

837 population controls, 
age 1 8—79 years, median 63; 
response rate 75/76% 

291 cases (men) 

1272 hospital controls, 
age <75 years, response 
rate 98/97% 


Oral cavity 
141,143-145 


Oral cavity 

141,143-145 

Oral cavity, pharynx, 

oesophagus 

[codes not given] 

Oral cavity, pharynx 

Oesophagus 


Never-smoker (58/1 05) 
Ever pipe only (47/13) 

< 8 g tobacco/day 
S—15.2 g tobacco/day 
> 15.2 g tobacco/day 

Never-smo ker < 104/140) 

Ever pipe only (26/5) 
Never-smoker (50/78S) 
Current cigar only (7/5) 
Ever cigar only (9/13) 
Ever > 3 cigars/day (4/5) 
Ever cigar only 
Ever cigar only 


Oral cavity, pharynx 

141,143-146 

148-149 


Oral cavity 

140-141, 

143-145 

Pharynx 

146, 148, 161,1 


Never-amoker (50/185) 

Ever pipe/cigar only (52/56) 
£ 40 cigars/week (14/1) 

2 40 pipeful st/wcek (12/7) 
Never-smoker (4/289) 

Ever pipe/cigar only (6/14) 

Never-smoker (2/289) 

Ever pipe/cigar only (0/2) 


1.0 

5-7(2.4-13.3) 
3.5(1.2-10,1) 
4.9 (2.0—12.1) 
6.3 (2.6-15.2) 
1.0 

4.9 (3.5—16.0) 

1.0 

14.9(4.0-55.9) 
6.S (2.5-18.5) 

8.9 (2.1-36.9) 
9.0 (2.7-30,0) 
4.1 (0,7-23.0) 


1.0 

1.9 (1.1-3.4) 
16.7 (3.7—76.7) 
3.1 <1.1-8.7) 
1.0 

20.7(5 6-76.3) 


Hospital, age. alcohol, 
education 


Age, alcohol, education 
Same study population as 
Franceschi et al. (1990) (see 
below) 


Age, race, location, alcohol, 
respondent status 
(self/proxy) 


Age, area 


-aa M i/v, , 



Table 2.2.2 (contd) 


Reference 

Country and 
years of study 

Study characteristics 

Site 

ICD9 codes 

Smoking category 
(cases/controls) 

Relative risk 
(95% Cl) 

Variables adjusted for/ 
comments 

Franceschi et al. 

102 cases (men) 

Tongue 

Never-smoker (3/153) 

1.0 

Age, area, occupation. 

(1992) 

726 huspiUd controls 

141 

Current pipc/cigar only (1/6) 

3.4 (0.3-39.1) 

alcohol 

Italy 

104 cases (men) 

Mouth 

Never-smoker (3/153) 

t.G 

Age, area, occupation. 

1986-90 

age < 75 years, median 58, 
response rate 98/97% 

143-145,149 

Current pipe/cigar only (5/6) 

21.9(3.8-125.6) 

alcohol 

Same study population as as 

Franceschi et al. (1990) (see 
above) 

Fernandez Garrote 
et al. (2001) 

Cuba 

1996-99 

200 cases (men/ women) 
200 hospital controls, age 
25—91 years, median 63; 
response rate 88/79% 

Oral cavity, pharynx 
[codes not given] 

Never-s moker (16/81) 

Current pipe,'cigar only 
< 4 p! pes/ci gars/d ay (6/7) 

£: 4 pipes/cigais/day (11/3) 

1.0 

4.3 (1.1-16.4) 
20.5 (4.7-89.7) 

Age, sex, area, education, 
alcohol 

p for trend < 0.01 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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fable 2.2.4. Cohort studies on exclusive pipe and/or cigar smoking and lung cancer 

Reference Smoking category (cases or deaths) Relative risk Variables adjusted for/commems 

SUiiy and years (95% Cl) 

ofstudy 

pjpeonly or cigar only . 


Hammond & Horn 
(1958) American 
Cancer Society 
(9-state) Study 
1952-55 

Never-smoker (15) 

Ever pipe only (18) 

Ever cigar only (7) 

1.0 

3.0(1.5-6.0] 

1.0 [0.4-25] 

Age 

US Veterans' Study 
1954-62 

Ncvcr-smokcr (78) 

Former pipe only (7) 

Current pipe only (17) 

Former cigar only (5) 

Current cigar only (25) 

1.0 

2.4 [11-53] 

1.8 ll-l-3.il 
10(0.4-2.5] 
1.6(1.01-2.5] 

Age 

Carcleiiseiu’l <ii. 
(1987} 

Swedish Census 
Study 

1963-79 

’Ncvcr-Smokcr 

Current pipe only (59) 

Current cigar only (11) 

1.0 

7.2(4.4-11.7] 

76(3.7-15.6] 

Age, residence; risk increased 
with grams of tobacco smoked per 
day. 

Uigc dal. (1992) 
Copenhagen City 
Heart Study 

'Never-smoker (5) 

Current cigar/dicroo* only (47) 
Current pipe only (16) 

1.0 

60 (.7.3-17) 
41(1.4 13) 

Men, age, 17% lung cancel deaths 
attributable to cigar/chcroot and 
pipe smoking 

1776-89 

Never-sniukcr (7) 

Current cigar/chcroot only (14) 

1,0 

4.9(30-12) 

Women; age; 10% lung cancer 
death* attributable to 
cigar/cherooi smoking 

Tvcrdol rCw/. (1993) Never-smoker (4) 

Norwegian Current pipe only (19) 

Screening Study 

1973-88 

1.0 

(13.0(4.4-38.2)] 

Age and area 

Bcfl-$hkimoeYaf, 

(1994) 

Whitehall Study 
1967-87 

Never-smoker (24) 

Current pipe only (?) 

Current cigar only (1) 

1.0 

(4,0(1.8-89)] 

[1.8(0.2-13.3)1 

Age 

Wald & Watt (1997) Never-smoker (7) 

BUPA Study Current pipe/ctgar on ly (fi) 

1975-93 

1.0 

3.2(1.1-9.5) 

Age 

Shanks & Dums 
(1998) 

1959-72 

Never-smoker (191) 

Current cigar only (73) 

1-2 cigarsiday 

3-4 cigars/Jay 
> 5 cigars/day 

No inhalation 

Slight inhalation 

Moderate and deep inhalation 

1,0 

2.1 (1.6-2.7) 

0.9 (0.5-1.7) 
24(1.5-3.5) 
3.4(2.3 4.8) 
2.0(1.5-2.6) 

1.9(0,8-3.7) 
4.9(1.8-10.7) 

Age 
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Table 2.2.4 (contd) 


Reference 

Study and years 
of study 

Smoking allegory (cases or deaths) Motive risk 
(95% Cl) 

Variables trusted for/cumitients 

Iribarren etai, 

(1999) 

Kaiser Pei uianeme 
Medical Care 
Program Study 
1971-96 

Never smoker (54) 

Current cigar only (11) 
.Mcigars/day (6) 

> 5 cigars/day (3) 

1.0 

2.1 (1.1-4.1) 
1.6(0.7-37) 
3.2(1.01-10.4) 

Age, rate, tody-muss index, 
diabetes, alcohol, occupation^ 
exposures 

Shapiro rml, (2(100) 

CPS-II 

1982-94 

Never-smoker (269) 

Former cigar only (36) 

Current cigar only (88) 
l-2cigars/day(lO) 

> i cigars/day(68) 

< 25 yean (8) 

* 25 years (75) 

No inhalation (36) 

Inhalation (37) 

1.0 

16(1.2 7 4) 

5.1 (40-6.6) 

1J (0.7-2.4) 
7.8(5.9-10.3) 

2.1 (1.0-I.2) 

5.9 (4.5-7.7) 

3.3 (23-4.7) 
11.3(7.9-16.1) 

Age, alcohol, smokeless tobacco 

Pipe and cigar 

Doll & Peto (1976) 
British Doctors' 
Study 

1951-71 

Never-smoker 

Current pipe/cigar only 

1.0 

5.8 

Age 

Chow etai. (1992) 
Lutheran 

Biolhertiood 
Insurance Study 
1966-86 

Never-smoker (6) 

Current pipe/cigar only (4) 
Former pipe/cigar only (I) 

1.0 

3.5 (1.0-12.6) 

1.3 (0.2-10.5) 

Age and occupation 


S71 


Table 2.2.5. Case-conirol studies im exclusive pipe and/or cigar smoking and 

lung cancer 




Reference Study charoc- 

Smoking category 

Relative risk 

Variables adjusted 

Coimtry and MtlSttiS 

years of study 

(cases/controls) 

(95% Cl) 

for/comments 

pipe only or dgar only 

Lubi n et al 6920 cases (men) 

Never-smoker (190/2616) 

1.00 

Age, study location, 

(1984) 13 460 hospital 

Ever pipe only (39/197) 

2.5 [l.S-3.7] 

hospital 

7 areas in controls 

1-19 years (3/36) 

1.110.3-3.6J 


Europe 

20-29 years (3/43) 

1.02(0.3-3.3] 


1976-80 

30-39 years (11/54) 

2,5 [1.3-4.9] 



> 40 years (22/64) 

4.4 [2.7-7.4] 

p for trend < 0.01 


1-3 pipcs/day (14/49) 

3-2 [IJ4-6D] 



4-6 pipes/day (13/79) 

2.2 [1.2-4.0] 



>7 pipes/day (12/68) 
Inhalation 

2-7 (1.4—5.1 J 

p for trend < 0.01 


Never inhaled 

1.0 



Moderately inhaled 

1.3 



Deeply inhaled 

1.3 

p far trend = 0.(16 also 
adjusted for duration 


Current pipe only 

1.0 



M years since quitting 

2.0 



> 5 years since quitting 

0.9 

p for trend = 0.33 also 
adjusted for duration 


Never-smoker (190/2616) 

1.0 

Age, study location. 


Ever cigar only (37/145) 

2.9 [2.0-4.3] 

hospital 


1-19 yean (5/30) 

2-4 [0.9-6.4] 



20-29 years (19/29) 

4.2(20-8.8) 



30-39 years (8/36) 

2.4 [1.1-5.2] 



>40 years (14/50) 

3.0 [1.6-5.5] 

p trend <0.01 


1-3 ci&ariu'day(8/6l) 

1.6 [0.7-3.3] 



4-6 cigars/day( 12/59) 

2.2 [1.2-4.1] 



> 7 cigars/day (17/25) 
Inhalation 

8.9 [4.7-16.8] 

p for trend <0.Gl 


Never inhaled 

1.0 



Moderately inhaled 

Deeply inhflled 

2.7 

9.5 

p for tTend < 0.01 also 
adjusted for duration 


Current cigar only 

1.0 



1-4 years since quitting 

0.6 



> 5 years since quitting 

0.7 

p- value for trend - 
0.17 also adjusted for 

dura linn 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392427 



872 


JARC MONOGRAPHS VOLUME 83 


Table 2.2.5 (eantd) 


Retimce Study diarac. 

Country and (eristics 

years of study 


Smoking category 
(cases/con trnls) 


Relative risk Variables adjured 

(!)5% Cl) foi /comments 


Berhamou 

ciat.(\m) 

France 

1976-80 


1529 cases (men) 
2$W hospital 
controls 

[response rate npt 
reported] 


Never-smoker(36/650J 1.0 

Ever pipe only (5/56) 1,6(0.5-45) 

Inhalation 

No inhalatinn (S/ 4 S) 19 

Sonietirnes/rorely inhaled (0/6) - 

Usually/always inhaled (fl/2) - 

Ever pipe only <10 years (ft/5) 1.0 

Ever pipe only > JO years (5151) l.| 7 


Age, hospital, 
interviewer 
5ame study populatjog 

as L«birifroi,(|i^ 




Never smoker (36/650) 

Ever cigar only (9/29) 

Inhalation 

1.0 

5.6 (23-13.5) 

Age, hospital, 
iJrtcrviewer 



No inhalation (K28) 

3.9 




Sometimes/raisly inhaled (I/O) 

- 




Usually/always inhaled (2/1) 

36.1 

p for trend < 0.01 



Ever cigar <M|y< 15 years (]/9) 

1.0 

Damber Sc 

Larssou(!986) 

Sweden 

1972-77 


Evcrcigaronly> 15 years (8/20) 3.6 


5 79 cases (men) 
582 population 
controls (dead), 
response rate: 
98/96% 

Nevcr-smoker (42/208) 

Ever pip« only ({98/142) 

< 100 week 
> 100 g/week 

Ever cigar only (7/7) 

1.0 

69(45-105] 

4.7 

II.1 

[5.0(1.5-16.8)1 

Age; postal 
questionnaire — 
answered by relatives 
of cases and or 
controls; risk increased 





with years of smoking 
and decreased with 


Oka mal. 
(1989) 
China 
1985 

Lubinctut. 

(1992) 

China 

1984-88 


107 caws (men) 
107 occupational 
controls, age 35- 
80 yean, response 
rate: IWIOO% 

544 cases (men) 
1043 occupational 
and population 
controls, age 35 _ 
75 years, response 
rate: 9191% 


Wever-smokcr (3/5) 

Ever water pipe only (24/21) 


Never-smoket (9/72) 
Ever pipe only (56/151) 
1-150 g/monih (18/41) 
200 g/month (4/18) 

250 g/month (25/44) 

2 500 g/month (9/47) 
1-29 years (7/21) 
30-39 years (13/31) 
41M9 ytais(24/W) 
£50 years (10/32) 


1.0 

1.9 (0.4 9.4) 


1.0 

1.8(0842) 

2.1 [0.9-5.1] 

2.6 [0./-9.3] 

4.1 [1,8-96] 
13(0.5-3.5] 

2.1 (0.7-6.3J 

2.7 [1.1-70] 
25(1.1-5.8] 
2.1 [0.S-5.6J 


years of cessation 
[odds ratios not given] 

Age; participants were 
tin miners (1967-84); 
interviews with 10,9599 
proxy 

Age. type ofeonlrol 
proxy, years of twtk 
underground 
Smoking of wato-pipe 
or Chinese long-stem 
pipe (extension of 
Qiao etal., 1989) 


TOBACCO SMOKE 


873 


Table 2 . 2.5 (contd) 

keferencc Sluiycharac- 

Courtly and tcristics 

years of study 


Smoking category 

iCH-.r/v tj'n'i' il'.) 


Bofletta el ai 5621 cases (men) Pipe 

(1999) 7255 hospital Nonsmoker (117/1750) 

Germany, Italy, controls, response Ever pipe only (61/129) 

Sweden rate 67/38% and < 20 years (3/33) 

1988-94 above 20.1-32 >*ars (7/33) 

32.1^14 years (21/33) 

> 44.1 years (30/30) 

<3.5 gAlay(2H0) 

3.6-5.0 g/tlay (22/54) 

5.1-10.7 g/day (6/18) 

> 10.8 g/day (31/47) 

Age at start <20 (27/48) 

Age at start 20-26 (20/52) 

Age at start >27 (14/29) 

Nonsmoker (l 17/1750) 

Current pipe only 
Former, quit 1 -14 years ago 
Former, quit > 15 years ago 
Cigar/cigarillo 
Nonsmoker (117/1750) 

Ever cigar only (16/42) 

Ever cigarillo only (21/31) 
Evcrcigar/cigtmllo only (43/77) 
< 13 years (4/21) 

13.1 -26 years (5/20) 

26.1- 39 yearn (12/17) 

>39.1 years (22/19) 

<5 g/day{5/22) 

5.1- 12 g/day (10/25) 

12.1- 15 g/day (5/11) 

>15.1 g/day (23/19) 

Age at start <20 (20/20) 

Age at start 20-26 (16/23) 
Age at start >27 (7/34) 

inhalation 

Non-inhaler 

Inhaler 

Nonsmcker (117/1750) 
Current cigar/cigarilloonly 
Former, quit l -14 years ago 
Former, quit > 15 y«irs ago 


Relative risk 
(95% Cl) 

Variables adjusted 
finr/comments 

1.0 

Age, study centre 

7.9(5,3-11.8) 

13(0.4-45) 

34(1.4-8.0) 

13.3 (72-24.9) 
19.1(10.4-35.1) 

p for trad <0.0001 

22 (05-10.4) 

7.9 (4.3-14.3) 

4.8 (19-126) 
12.4(7.2-21.4) 

p for trend = 0.1 

9j6 (5.6-16.7) 
6.3(3.5-11.2) 
82(4.1-16.3) 

p for trend = 0.4 

1.0 

Age, study centre 

12.5(7.7-20.2) 

10.3(5.1-20.5) 

1.4(05-4.0) 

1.0 

Age, study centre 

5.6 (2.9-10.6) 

12.7 (6.9—23.7) 

9015.8-14.1) 

3.) (10-9.4) 

43(1.6-11.9) 

10.3(4.7-22.7) 

20.7 (10.5-41 1) p for trend = 0.0003 

3 4(1.3 9.5) 
6.2(2.8-13.7) 
7.8(2.6-23.4) 
21.1 (10.7-41.7) 

p for trend = 0,01 

17.0(8.6-33.4) 
10.5(5,3-21.1) 
3.4 (1.5 8,0) 

^ for trend - 0.002 

5.2(2.7-10.0) 
28.1 [9.5-83.6] 
10 

Age, study centre 

10,6(5.9-19.1) 

88(4.0-195) 

6.9(31-15.1) 




Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.6. Studies on exclusive pipe and/or cigar smoking and cancer of the 
larynx 


Reference 

Study and years 
of study 

Smoking category (cases or 
deaths) 

Relative risk 
(95% Cl) 

Variables adjusted for/ 
comments 

Pipe only or figar only 



Kahn (1966) 

Mcver-smoker (J) 

1.0 

Age 

US Veterans’ 

Former pipe only (0) 

- 


Study 

Current pipe only (0) 

- 


1954-62 

Former cigar only (0) 

- 



Current cigar only (6) 

10.3(2.6-41.3] 


Shanks & Bums 

Never-smoker(4) 

1.0 

Age 

(1998) 

Current cigar only (7} 

10.0(4.0-20.6) 


CPS-I 

1-2 cigars/day 

6.5(0.7-23.3) 


1959-72 

3-4 cigars/day 
> 5 cigars/day 

No inhalation 

Slight inhalation 

Moderate and deep inhalation 

26.0(8.4-60.7) 

10.6(3.9-23.1) 

53.3(0.7-296.3) 


Shapiro etui 

Never-sntoker (5) 

1.0 

Age. alcohol, smokeless 

(2000) 

Former cigar only (3) 

6.7(1.5-30.0) 

tobacco use; excludes 

CPS-H 

Current cigar only (4) 

10.3(2.6-41.0) 

cancer at baseline 

1982-94 

1-2 cigars/day (1) 

> 3 cigars/day (3) 

< 25 years (0) 

> 25 years (4) 

No inhalation (1) 

Inhalation (3) 

6.0(0.7-53.5) 

15.0(3.405,9) 

13.7(3.4-54.5) 
4.2(0.5-37.1) ■ 
39.0(8.4-180.1) 
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Table 2.2.7. Case-control study on exclusive pipe and/or cigar smoking and cancer 
ofthe larynx 


Reference 

Country sntl 
yean of study 

Study characteristics 

Smoking category 
(cases/controls) 

Relative risk 
(95% Cl) 

Variables 
adjusted for/ 
comments 

Pipe and dgar 
Franceschi etai 

162 cases (men) 

Never-smoker (8/289) 

J.O 

Age. area 

(1990) 

1272 hospital controls 

Ever pipe/cigar only (1/14) 

2.8 (0,3-26-1) 


Italy 

1986-89 

age < 75 years, response 
rate 98/97% 






' j 


4 


4 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392429 


876 


IARC MONOGRAPHS VOLUME 83 


TOBACCO SMOKE 


877 


Table 2.2.8. Cohort studies on eielusive pipe and/or cigar smoking and cancers of the 
oesophagus and stomach 


Reference 

Site 

Smoking category (cages or 

Relative risk 

Variables adjusted 

Name of study 
and years of study 


deaths) 

(95% CI) 

for/comments 

Pipe only or cigar only 




' - 

Hammond &, Horn 

Stomach, 

Never-smoker (100) 

1.0 

Age 

(1958) 

ptmerm, 

Ever pipe only (41) 

l jO fO.7-1.4] 


American Cancer 

liver. 

Ever cigar only (63) 

1-4 [1.1-1.8] 


Society (9-state) Study 
1952-55 

colorcctum 




Kahn (1966) 

Oesophjgus 

Neva-smoker(l 1) 

1.0 

Age 

US Veterans’ Study 


Former pipe only (0) 

- 

1954-62 


Current pipe only (3) 

2,0 [0.6-7. JJ 




Former cigar only (2) 

2.4(0.5-10.9] 




Current cigar only (! 2) 

5.3(2.4-12.1] 



Stomach 

Never-smoker (96) 

1.0 




Former pipe only (4) 

1.1 [0.4-3 0] 




Cntraitpipe only (16 

1.4 [08-2.4] 




Former cigar only (8) 

1.3 [0.6—2.7] 




Current cigar only (23) 

1.2 [0.8—1.9] 


Carstensen et al. (1987) Oesophagus 

Never smoker fS) 

1.0 

Age, residence 

S wed Eh Census Study 


Current pipe only (6) 

3.6 [1.1-11.8] 

1963-79 


Curran cigar only (2) 

6.5 [1.3-33.5] 


Tverdal eta/. (1993) 

Stomach 

Never-smoker (8) 

1.0 

Age and area 

Norwegian Screening 
Study 

1973-88 


Current pipe only (4) 

[13(03-5.1]] 


Shanks & Bums (1998) 

Oesophagus 

Never-smoker (30) 

t.0 

Age 

CPS-l 


Current cigar only (19) 

36(2.2-5.6) 

1959-72 


1-2 cigars/day 

2.3 (0.7-5J) 




3-4 cigars/day 

3.9 (1.4-S.6) 




> 5 cigars/day 

5.2 (2.2-10.2) 




No inhalation 

3.4 (1.9-56) 




Slight inhalation 

1.9(0.0-10.6) 




Moderate and deep inhalation 

14.8(3.9-43.5) 


Shapiro a al. (2000) 

Oesophagus 

Never-sniukcr (67) 

IjO 

Age, alcohol, 

fPS-li 


Former cigar only (8) 

1.3 (0.6-2.8) 

smokeless tobacco 

1982-94 


Current cigar only (9) 

1.8(0.9-3 7} 

u$e 



1-2 cigars/day (4) 

1.8 (0.6-5.0) 




>3cjgars/day(5) 

15(0.8-4.9} 




<25 years (1) 

0.9(0 1-6.4) 




>25 years (8) 

2.2 (1.0-47) 




No inhalation (5) 

16(0.7-4.1) 




Inhalation (1) 

10 (01-7J) 



Table 2.2.8 (contd) 






Variables adjusted 

Reference 

Site 

Smoking category (cases 01 

Relative risk 

Name of study 
and years of study 


deaths) 

(95% Cl) 

for/comments 

Chao d a/. (2002) 
CPS-U 

Stomach 

Never-smoker 

Former cigar only (13) 

1.0 

1.3 (0.7-2.2) 

Age, race, education, 
family history of 

1982-96 


Current cigar only (25) 

23(1.5-3.5) 

stomach cancer, use 


1-4 cigar$/day (13) 

1.7(055-3.0) 

of aspirin and several 



2:5 cigars/day (12) 

4.2(2.3-76) 

dietary habits 



< 39 years of smoking (13) 

2.4 (1.4—43) 




>40 years of smoking (10) 
Age at starting 

2.6(1.3-49) 




> 30 years (5) 

l.6(0.7-1.0) 




20-29 years (12) 

2.9(1-6-52) 




< 19 years (6) 

2.4(11-5.6) 




Noirhaliiton(l5) 

2.1 (12-36) 




Inhalation (8) 

3.9(1.9-80) 




Former pipe only (6) 

0.7 (0.3-1.6) 




Cureeni pipe only (16) 

1.3 (0.&-2.2) 


Pipe and cigar 

Doll i P«to (1976) 

Oesophagus 

Never-smoker 

D> 

Age 

British Doctors’ Study 
1951-71 


Current pipo/cigar only 

3.7 


Koeller ad. (1991) 

Stomach 

Never-smoker (8) 

in 

Age 

Lutheran Brotherhood 


Tobacco but never cigarettes (6) 

1,5(0.5-44) 



Insurance Study 

1966-86 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.9. Case-control studies cm exclusive pipe and/or cigar smoking and cancers of the oesophagus and stomach 


Reference 

Country and 
years of study 

Study characteristics 

Site 

Smoking category 
(co ses/c ontr o Is) 

Relative risk 
<95% Ct) 

Variables adjusted for/comments 


Pipe only or cigar 

only 






La Vecchia et al. 

23 cases (men) 

Oesophagus 

Never-smoker (30/788) 

1.0 

Age. alcohol consumption. 



801 hospital controls 


Ever cigar only 

4.1 (0.7-23.0) 

education 

>7 

Italy/Switzerland 

age < 75 years; response rate 




Same study population as 

o 

1984-97 

98/97% 




Franceschi et al. (1990) below 

2 

Pipe and cigar 






§ 

Wu-Williams et al. 

137 cases (while men) 

Stomach 

Never-smoker (21/35) 

1,0 

Age, race, area 

8 

(1990) 

137 population controls. 


Ever pipe/cigar only (3/3) 

1.8 (0.3—9.8) 




mean age 47 years, response 






J 975-«2 

rate 52% (matched design) 





ac 

Franceschi et al. 

288 cases (men) 

Oesophagus 

Never-smoker (17/289) 

1.0 

Age, area 

< 

(1990) 

1272 hospital controls 


Ever pipe/cigar only (7/14) 

6.3 (2.3-19.8) 


o 

Italy 

age •< 75 years, response rate 






1986-89 

98/97% 






Rabat et al. (199?) 

431 cases (white men) 

SCCE 

Never-smoker (15/105-4) 

1.0 

Age. hospital, time period, 

cc 

USA 

4544 hospital controls 


Ever pipe/cigar only (1 1/332) 

1.8 (0.8—4. ]) 

education, alcohol consumption 


1981-90 

[response rate not repurted] 

AEC 

Never-smoker (25/1054) 

1.0 






Ever pipe/cigar only (9/332) 

1.1 (0.5-2.3) 





ADS 

Never-smoker (23/1054) 

1.0 






Ever pipe/cigar only (8/332) 

! .0 (0.4-2 2) 




SCCE, squamous-cell carcinoma of the oesophagus; A EC, adenocarcinoma of the oesophagus or cardia; ADS, adenocarcinoma of the distal stomach 



Table 2.2.10. Cohort studies on exclusive pipe and/or cigar smoking and colorectal cancer 


Reference 

Site 

Smoking category (cases or deaths) 

Relative risk 

Variables adjusted for/comments 


Name of study 
and years of study 

IC'D code 


(95% Cl) 



Pipe only or cigar only 
Tverdal et al. (1993) 

Colon 

Never-smoker (9) 

1.0 

Age and area 


Norwegian Screening 


Current pipe only (3) 

[0.9 (0.2-3.2)] 



Study 

Rectum 

Never-smoker (7) 

1.0 



1973—88 


Current pipe only (4) 

[1.6 (0.S-5.S)] 



Heineman el at. (1995) 

Colon 

Never-smoker (782) 

1.0 

Age, calendar year, year of survey. 


US Veterans’ Study 


Current pipe/cigar only (576) 

1.3 (1.1-1.4) 

socioeconomic status, sedentary job 


19S4—80 


Cun-ent pipe < 5/day (22) 

1.2 (0.8-1.9) 





Current pipe 5-9/day (27) 

J.2 (0.8-1.7) 





Current pipe 10—19/day (11) 

0.7 (0.4-1.2) 


3 



Current pipe >■ 20/day (1 5) 

1.8 (1.1-2.9) 

p for trend = 0.30 

co 



Current cigar 1 -2/day (50) 

15(1.1-1.9) 


£ 



Current cigar 3-4/day (34) 

0.9 (0.6-1.3) 


o 



Current cigar 5—8/day (44) 

1.4 (1.1-1.9) 


O 



Current cigar > 9/day (15) 

2.2 (1.3-3.7) 

p for trend = 0.004 

C/7 

V" 


Ascending 

Never-smoker (67) 

1.0 


5* 

o 


153.0 

Current pipe/cigar only (48) 

1.2 (0.8-1.7) 


g 


Transverse 

Never-smoker (15) 

1.0 



153.1 

Current pipe/cigar only (7) 

0.8 <0.3-2.0) 




Descending 

Never-smoker {15) 

1.0 




1532 

Current pipe/cigar only (5) 

0.6 (0.2-1.6) 




Sigmoid 

Never-smoker (67) 

1.0 




153.3 

Current pipe/cigar only (54) 

1.4 (1.0-2.0) 




Rectum 

Never-smoker (201) 

1.0 





Current pipe/cigar only (169) 

1.4 (1.2-1.8) 





Current pipe < 5/day (3) 

0.6 (0.2—2.0) 





Current pipe 5-9/day (11) 

1.9 (1.0-3.5) 





Current pipe 10-19/day (10) 

2.3 (1.2—4.4) 





Current pipe > 20/day (4) 

J .8 (0.7—4.8) 

p for trend = 0.007 




Current cigar 1-2/day (14) 

) .6 (0.9-2.7) 





Current cigar 3—4/day (J3) 

1.4 (0.8-2.4) 





Current cigar 5-8/day (1 3) 

1.6 (0 9-2.9) 


oo 



Current cigar > 9/day (l > 

0.6(0.1-4.2) 

P for trend = 0.12 


3006392430 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2J.11. Cohort studies on exclusive pipe and/or cigar smoking and 
cancer of the liver and inlrabepatic bile ducts 
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Table 2.2.12. Case-control study on exclusive pipe and/or cigar smoking and cancer of 
the gallbladder and extrahepatic bile ducts 


Reference Study characteristic* Site 
Country and 
year? of study 


Smoking category Relative risk Variables 

(cases/controls) (95% CD adjusted fetf 

comments 


Pipe and cigar 


ChoweMl 

(1994) 

USA 

1983-89 


49 cases (white men) 

Extrahepatic 

Never-smoker (6/25) 

1.0 

Adjusted for 

97 population 

bite duct 

Ever pipc/cigar only (2/7) 

1.6(03-9.9) 

age and 

controls; age, 30-84 
years; response rate: 
76/84% 

Ampulla 

ofVater 

Never-smoker (1/25) 

Ever pipe/cigar only (2(7) 

1.0 

7.6 (0.6-100.4) 

ethnicity (5x% 
proxy for 
deceased 
cases) 


■a 

4 

$ 


4 


Table 2.2.13. Cohort studies on exclusive pipe and/or cigar smoking and cancer of the 


Reference 

Nan* of study 
jjmJ years of study 

Smoking uategyry (cases ur 
death*) 

Relative risk 
(95% CO 

Variables adjusted for/ 
comments 

pipe only «r cigar only 
Kahn (1966) 

US Veterans’ Study 
1954-62 

Never-smoker (88) 

Former pipe only (2) 

Current pipe only (8) 

Fortner cigar only (5) 

Current cigar only (27) 

1.0 

0.6[0.2-2.4] 

0.7 [ 0 . 4 - 1.5 j 

0.9 [0.4—2. IJ 

1.5 [0.99-13] 

Age 

Carstensentftff (1987) 
Swedish Census Study 
1963-79 

Never-smoker(20) 

Current pipe only (19) 

Current cigar only (1) 

1.0 

2.8 [L5-5.2J 

1.0 [0.1-7.5] 

Age, residence 

Tvcitlale/u/. (1993) 
Norwegian Screening 
Study 

1973-88 

Never-smoker (5) 

Current pipe only (2) 

1.0 

[1.2 (0.2-6.2)] 

Age and area 

Shanks & Bums (1998) 
CPS-t 

1959-72 

Never-smoker (198) 

Current cigar only (56) 

1-2 cigars/day 

3-4 cigars/day 
> 5 cigara/day 

Nu inhalation 

Slight inhalation 

Moderate and deep inhalation 

1.0 

1.6 (1.2-2.!) 

1.2 (0.7-1.9) 

1.5 (G.9-2.5) 
2.2(1.4-31) 

„ 1.6(1.1-2,1) 

2.2 (0.99-4.1) 

2.3 (0.5-6.6) 

Age 

lribarTGneffl/.(l999) 
Kaiser Peimanente 
Medical Care Program 
Study 

1971-96 

Never-smoker (46) 

Current cigar only (6) 

1.0 

1.2(0.5-29) 

Age, race, body-mass index, 
diabetes, alcohol 
occupational exposures 

Shapiro eld (2090) 
CPS-II 

1982-94 

Never-smoker (327) 

Former cigar only (30) 

Current cigar only (28) 

1-2 cigare/day (6) 

> 3 cigars/day (18) 

<25 years (7) 

>25 years (19) 

No inhalation (12) 

Inhalation (12) 

1.0 

1.1 (0.7-I.6) 

1.3 (0.9-1.9) 
0.6(0.3-14) 
,1.611.0-2.5) 

1.5 (0.7—3.3) 

1.1 (0.7-1.8) 
0.9(0 5-1.5) 
2.7(1.54.8) 

Age, alcohol, smokeless 
tobacco use 

Pipe and cigar 

Doll &Pcto (1976) 

British Doctors’ Study 
1951-71 

Never-smoker 

Current pipe/cigar only 

1.0 

0.9 

Ate 

Zheng etal. (1993) 
Lutheran Brotherhood 
Insurance Study 

1966-86 

Never-smoker (9) 

Ever pipe/cigar only (5) 

1.0 

06(0.3-2.5) 

Age, alcohol 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.2.14. Case—control studies on exclusive pipe and/or cigar smoking and cancer of the pancreas 


Reference 

Country and 
yeare of study 

Study characteristics 

Smoking category (cases/controls) 

Relative risk 
(95% Cl) 

Variables adjusted lor/comments 


Pipe only or cigar only 





MuscaU'/a/. (1*997) 

290 cases (men) 

Never-smoker (66/15 7) 

1.0 

Age. education; trained 



572 hospital controls 

Ever pipe/cigar only (25/28) 

2.1 (1.2-3.8) 

interviewer 


1985-93 

mean age 61 years; 

Norsmoker (146/334) 

1.0 

Age, education; referent includes 



response rate 51/63% 

Ever pipe only (16/20) 

1.8 (0.9-5.3) 

long-term quitters 




1-20 years (6/7) 

1.8 (0.6—5.3) 

(> 20 years) 




>■ 20 years (10/1?) 

1.6 (0,7 3.7) 





1—5 pipes/day (7/10) 

1.4 (0.5-3.8) 


8 



> 5 pipes/day (9/10) 

1.4 (0.9—2.2) 


2 



■Nopsmoker (146/334) 

1.0 

Age, education; referent includes 

O 



Ever cigar only (15/12) 

3.1 (1.4—6.9) 

long-term quitters (> 20 years) 




1-20 years (7/4) 

3.9 (1.2-13.6) 





> 20 years (8/7) 

2.2 (0.8—7.3) 





1-4 cigars/day (8/11) 

1.4 (0.6-3.6) 


> 



> 4 cigars/day (7/f) 

14.1 (1.7-115.7) 


s 

Pipe and cigar 






Macke /al (1986) 

490 cases (men/women) 

Ncver-smoker (97/154) 

1.0 

Age, sex. race, neighbourhood 

p 


490 population controls 

Ever pipe/cigar only (7/13) 

0.9 (0.3—2.3) 



1976-81 

age < 65 years 




s 


response rate 68/76% 




no 

Partanen et al. (1997) 

625 cases (men/women) 

Never-smoker 

1.0 

Adjusted for age and sex; smoking 

£*> 

Finland 

1700 hospital controls 

Ever pipe/cigar only 

2.3 (1.3-4.4) 

status in i960; former smokers 


1984—87 

age 40—74 years 

Former pipe/cigar only 

i.3 (0.8-2.0) 

were these who had quitted before 



[response rates not reported] 

Current pipe/cigar only 

2.6 (1.4-4.9) 

interview. 




Interaction with alcohol 






Never smoker/never drinker 

1.0 

Adjusted for age and sex. 




Never smoker/moderate drinker 

1.1 (0.7-1.6) 





Never smoker/heavy drinker 

0.8 (0.2-3.0) 





Ever pipe/cigar/never drinker 

2.2 (0.6-6.0) 





Ever pipe/c i gar/mod crate drinker 

2.2 (O.S—6.0) 





Ever pipe/cigar/heavy drinker 

2.2 (0.4—12-2) 
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300639243 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



Table 2.2.16. Case—control studies on exclusive pipe and/or cigar smoking and cancer of the bladder and kidney 


Reference 

Country and 
years of study 

Study characteristics 

Site 

Smoking category 
(ea ses/co ntrol 5 ) 

Relative risk 
(9S% Cl) 

Variables adjusted for/comments 

Pipe only or cigar only 





Jensen el al. (1967) 

389 cases (men/ women). 

Bladder 

Never-smoker (26/132) 

1.0 

Age, sex; mixed includes pipe, 

Denmark 

787 population controls, 


Ever pipe only (6/18) 

1.9 (0.7-5.4) 

cigar and cigarillo combined; 

1979-81 

response rate 94/75% 


Ever cigar only (1/2) 

2.5 (0.2-28.4) 

Study included in Pitard et al. 




Ever cigarillo only (8/39) 

l .0 (0.4—2.4) 

(2001) 




Ever mixed only (18/55) 

1.9 (0.9-3.8) 


Jensen et al. <1988) 

96 cases (men/women) 

Renal pelvis. 

Never-smoker (8/57) 

1.0 

Age, sex 

Denmark 

288 hospital controls 

ureter 

Ever pipe only (1/IUJ 

2.2 (0.1-97) 


1979-82 

age < 80 years, response rate 


Ever cigar only (4/24) 

1.3 (0.3-6.1) 



99/100% 


Ever pipe/cigar only (3/7) 

6.5 (0.4-21.2) 


McLaughlin et al. 

1774 cases 

Renal cell 

Never-smoker (585/846) 

1.0 

Age, sex, centre, body-mass index 

(1995) 

2359 controls 


Ever cigar only (18/34) 

0.8 (0.4-1.4) 


Australia. Europe, 

age 20-79 years; response 


Ever pipe only (19/29) 

0.9 (0.5-1.7) 


USA 

rate 72/75% 





1989-91 






Pitard et al. (2001) 

2279 cases (men) 

Bladder 

Never-smoker (154/1109) 

1.0 

Age, centre, occupational 

Europe 

5268 controls 


Ever pipe only (2 8/85) 

1.9 (1.2-3.1) 

exposures 

1980-95 

age < 80 years 


1-39 years (11/52) 

1.4 (0.7—2.8) 



Pooled analysis 


> 40 years (16/33) 

2.5 (1.3-4.9) 

p tor trend =0.006 




Ever cigar only (50/122) 

2.3(1.6-3.5) 





1-29 years (15/62) 

1.4 <0.8-2.6) 





30-39 years (12/28) 

2.7 (1.3-5.7) 





5 * 40 years (22/32) 

3.8 (2.1-7.1) 

p for trend ^ 0.001 




0.) -1.5 cigars/day (4/23) 

1.3 (0.4-4.0) 





>1.5 cigars/day (8/34) 

l .9 (0.8—4.4) 

p for trend — 0.1 




Ever pipe/cigar only (10/46) 

1.3 (0.6-2.6) 



3006392434 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2,17. Cohort studies on exclusive pipe and/or cigar smoking 
and prostate cancer 


Reference 

Name of study and 
years of study 

Smoking category 
(cases or deaths) 

Relative risk 
(93% CI) 

Variables adjusted 
for/coiimrcrils 

Pipe only or cigar only 



Kahn(1966) 

Never-smoker (117) 

1.0 

Age 

US Veterans' Study 

Former pipe only (5) 

1.1 [0.4-2.6] 


1954-02 

Currcnl pipe only (23) 

1.5 [0.98-2.4] 



Former ci gar only (11) 

1.3 [0.7-2.5] 



Current cigar only (36) 

15 [1.03-2.2] 


Tverdale(a/,(I993) 

Never-smoker (4) 

1.0 

Age and area 

Norwegian Screening 

Cunent pipe only (!) 

[0.7(01-5.9)] 



Study 

1973-88 


Table 2.2.18. Case-control study on exclusive pipe tmd/or cigar smoking and prostate 


cancer 


Reference 
Country and 

years of study 

Study characteristics 

Smoking category 
(cases/controls) 

Relative risk 

(95% CI) 

Variables adjusted for/ 
comments 

Pipe and cigar 
Sharp«4 

399 cases (men) 

Never-smoker (47/76) 

1.0 

Age. tlhsiciiy, responded! 

Siemiatycki 

476 population controls, 

Ever pipe only (6/6) 

12(0.44.1) 

status, body-mass index. 

(2001) 

age 43-70 years, response 

Ever cigar only (6/7) 

1.3(0.44.5) 

income, alcohol 

Canada 

1979-85 

rate 81772% 



consumption 


Pipe and cigar 




Hsing era/. (1990b) 

Never-smoker (19) 

1.0 

Age 

Lutheran Brotherhood 
Insurance Study 
1966-86 

Ever pipe/cigar only (9) 

1.6(0.7-35) 


Hsing elal. (1991) 

Never-smoker (1075) 

1.0 

Age 

US Veterans’ Study 
1954-80 

Current pipe/cigar only (497) 

11(0.99-1.2) 






Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


Table 2.2.19. Cohort studies on exclusive pipe and/or cigar smoking and cancer of the haematopoietic system 


Reference 

Site 

Smoking category (cases 

Relative risk 

Variables adjusted for/comments 

Name of study and 
years of study 


or deaths) 

(95% Cl) 


Pipe only or cigar only 
Hammond & Horn (1958) 

Lymphoma, leukaemia 

Never-smoker (3 1 ) 

1.0 

Age 

American Cancer Society 


Ever pipe only (15) 

1.3 (0.7—2.3] 

(9-slatc) Study 

1952-55 


Ever cigar only (10) 

0.7 [0.4-1.5] 


Kinlen & Rogot(l988) 

Lymphatic leukaemia 


1 .0 

Age 

US Veterans' Study 


Ever pipe only (3) 

0.S (0.2—2.4) 

1954—69 


Ever cigar only (11) 

2.0 (1.0-3.6) 



Monocytic myeloid leukaemia 

Never-smoker (60) 

1.0 




Ever pipe only (6) 

1.2 (0.4—2.6) 



Acute leukaemia 

Ever cigar only (14) 

1.8 (1.0-3.0) 




Never-smoker (40) 

1.0 




Ever pipe only (3) 

0.9 (0.2—2.5) 




Ever cigar only (8) 

1.5 (0.7-3.0) 


Heine man et al. (1992) 

Multiple myeloma 

Never-smoker ( 141) 1 

1.0 


US Veterans' Study 


Ever pipe/<;igar only (95) 

1.2 (0.9-1.5) 

response 

19?4-bu 


Ever pipe only 



< 5 pipes/day (6) 

1.9 




5-9 pipes/day (2) 

0.5 




10—19 pipes/day (3) 

1.0 




> 20 pipes/day (1) 

Ever cigar only 

0.6 




1—2 cigars/day (8) 

1.3 




3^4 cigars/day (8) 

1.2 




5-8 cigars/day (2) 

Cl .4 




> 9 cigars/day (2) 

1.7 


Tverdal el d. (1993) 

Leukaemia 

Never-smoker (6) 

1.0 

Age and area 

Norwegian Screening Study 
1973—88 


Current pipe only (3) 

[1.5 (0,4-5.9)] 


■ V 



1 ik.. .. 

- —— ---?- 1 —^ 




Table 2.2.19 (contd) 


Reference 

Site 

Smoking category (cases 

Relative risk 

Variables adjusted for/comments 

Name of study and 
years of study 


or deaths) 

(95% CD 


Pipe and cigar 

Garfinkel & BofFetta (L 990) 

Lymphatic leukaemia 

Nevcr-sm oker 

1.0 

Age, men only 

CPS4, 1959-65 

Myeloid leukaemia. 

Ever pipe/cigar only 

Never -smoker 

1.1 

1.0 




Ever pipe/cigar Only 

1.5 


CPS-II, 1982-86 

Lymphatic leukaemia 

Never-smoker 

1.0 




Ever pipe/cigar only 

1.2 



Myeloid leukaemia 

Never-smoker 

1.0 




Ever pipe/cigar only 

0.9 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.20. Case-control studies on exclusive pipe and/or cigar smoking and cancers of the haematopoietic System 


Reference 

Study characteristics 

Site 

Smoking category 

Relative risk 

Variables adjusted for/ 


Country and years 
of study 



(cas es/con tre* Is ) 

(9S% CI> 

comments 


Pipe and cigar 






> 

Rabat et cil. (1988) 

342 cases (men) 

Leukaemia 

Never-smoker (94/1320) 

1.0 

Not adjusted; relative 



5862 hospital controls 


Ever pipe/cigar only (23/416) 

0.78 (0.49-1.24) 

risk for non-cancer 


1969-85 

age 20—80 years, mean 51 years; 


controls 

O 


response rate 95/95% 





o 

Brown etal. (1992») 

578 cases (white men) 

Acute non-lymphocytic 

Ncver-smoker (29/197) 

1.0 

Age, stale, alcohol 


USA 

820 population controls 

leukaemia 

Ever pipe/cigar only (4/40) 

0.7 (0.2-2,1) 

s 

198L-84 

age > 30 years; response rale 

Chronic myelogenous 

Never-smoker (8/197) 

1.0 




86/78% 

leukaemia 

Ever pipe/cigar only (1/40) 

0.6 (0.1-5.1) 





Chronic lymphocytic 

Never-Smoker (40/197) 

1.0 


< 



leukaemia 

Ever pipe/cigar only (J 3/40) 

1.6 (0.8-3.2) 





Acute lymphocytic 

Never-Silluker (5/197) 

1.0 





leukaemia 

Ever pipe/cigar only (1 /40) 

0.8 (0.1-7.2) 


In 

Brown ei al. (1992b) 

622 cases (white men) 

Non-Hodgkin lymphoma 

Never-smoker (116/197) 

1.0 

Age, state 

p© 

USA 

820 population controls; age 


Ever pipe/cigar only (29/40) 

1.2 (0.8-2.1) 


1981-84 

> 30 years; response rate 89/78% 





173 cases (white men) 

Multiple myeloma 

Never-smoker (41/105) 

],Q 

Age 



452 population controls; age > 

30 years; response rale 84/78% 


Ever pipe/cigar only (6/22) 

0.6 <0.2-1.6) 






3006392437 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.22 (contd) 


Reference 

Country and 
years of study 

Cancer site 

(ICD-9) 

No. of 

cases 

No. of 
controls 

Smoking category 

Relative risk 
<95% Cl) 

Rao el al. (1994) 




Cessation 


(contd) 


231 

159 

Current smoker 

J .4 (1.0-1.8) 



42 

14 

Quit 1 year before 

2.1 <1.1-4.3) 



10 

3 

Quit 2 years before 

2.2 (0.5-12.0) 



11 

JO 

Quit > 2 years before 

0.7 (0.2-1.9) 



414 

447 

Nonsmoker 

1,0 



15 

3 

Hookah/c h i Hum 

5.0 (1.4-22,0) 

Rao & Desai 

Base of the 



Base of tongue 


(1998) 

tongue (141.0) 

91 

337 

Nonsmoker 

1.0 

India 

and anterior 

360 

186 

Bldi smoker 

5.9 (4.2—8.2) 

1980-84 

tongue (141. 1 — 



No- of htfis/day* 



141.4) 

129 

438 

Non smoker* 

1.0 



141 

79 

1-10 

4.3 (3.0-6.7) 



94 

54 

11-20 

5.2 (3.4—8.5) 



107 

56 

21-30 

4.8 (3.2-7,7) 



24 

4 

2 3 1 

14.3 (4.1-50.7) 





Duration (yearsf 




129 

438 

Nonsmoker* 

1.0 



30 

63 

1-10 

2.2 (1.3-4.1) 



64 

48 

1 1-20 

4.5 (3.1-8.7) 



123 

39 

21-30 

7.7 (4.8-13.0) 



149 

43 

2:31 

5.1 (3.3—8.3) 





Anterior tongue 




73 

337 

Nonsmoker 

1.0 



53 

186 

Bidi smoker 

1.1 (0.7—1.7) 





Ato. of bldis/day 




.86 _ 

438 . 

Nonsmoker* . 

. 1-0 



25 

79 

1-10 

1.2 (0.7-2.2) 



11 

34 

1 ]—20 

0.8 (0-8—1.8) 



18 

56 

21-30 

1.4 (a 7-2.7) 



t 

4 

& 3! 

— 




Comments 


Stratified by 4 age groups and 3 areas of 
residence 


Hospital-based study 


'includes smokers of both bidis and 
cigarettes. 

'includes smokers of cigarettes and other 
forms of tobacco 


> 

O 


O 

2 

o 

o 




Table 2.2.22 < contd) 


Reference 

Country and 
years of study 

Cancer site 
(ICD-9) 

No. Of 
cases 

No. of 
controls 

Smoking category 

Relative risk 
(95% Cl) 

Rao & Desai 




Duration (years) * 


(1998) (contd) 


86 

438 

Nonsmoker' 

1.0 



7 

63 

1-10 

0.5 (0.2-1.3) 



16 

4S 

1 1-20 

1.4 (0.7-2,7) 



12 

39 

21-30 

1.2 (0.6-2.8) 



20 

43 

>31 

16(0.8-3.4) 





Bidi smoking 






Base of tongue 

4.7 (3.5—6.3) 





Anterior tongue 

1.0 (0.6-1.5) 





Tongue (base + anterior) 

3.3 (2.6—4.3) 

Dikshit & 

Oral cavity 



Smoking status 


Kanhere (2000) 

(140. 141.1- 

76 

146 

Non smoker 

1-0 

India 

141.5,143, 

72 

114 

Bid 1/cigarette smoker’ 

1 S (0.9—2.4) 

1986-92 

144, 145.0- 






145.2, 145.5- 






145.9) 





Bataram ef al. 

Oral cavity 



Afo. of btdis/day 


(2002) 




Non smoker 

1.0 

India 


55 

33 

< 20 

2.0 (1.1-3.8) 

1996-99 


73 

41 

a 20 

2.5 (1.4-4.4) 

Pharynx 






Wasnik et al. 

Oropharynx 

72 

112 

Nonsmoker 

1.0 

(1998) 


5 

16 

Qigarette smoker 

0.7 (0.3-1.9) 

India 


40 

31 

Bid i/ch ilium smoker 

2.7 (1.6—4.5) 

(years of study not 

6 

20 

Bidi/cigarette smoker 

3.1 (0.6-15.3) 

reported] 







Comments 


’includes smokers of both bidis and 
cigarettes. 

'includes smokers of cigarettes and other 
forms of tobacco 


Adjusted for alcohol use, illiteracy, non¬ 
vegetarian diet and tobacco chewing 


Population-based; adjusted for age and 
tobacco-quid chewing 
*70— 80% smoked only bidis. 


> 

O 

O 

o 


Hospital-based; frequency-matched for age 
and sex; adjusted for age. centre, education, 
alcohol use and chewing habits 


Hospital-based; age- and sex-matched 

coniroj patients — one cancer and one non- 
cancer 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.23. Cross-sectional st udies on bidi and other tobacco smoking and oral lesions 

Reference Oral lesion Smoking category No. of Prevalence Total 


Reference Oral lesion 

Country 

Van der Eb Palatal lesions 

etcil (1993) 

India 


Nortsmoker 
Chewing tobacco 
Cigarette 

Did! 

Conventional chutta 
Ex-conventional chutta/bidi 
Reverse chutta 
E?t-rcverae chutta 
Mixed habits 
Total 


Prevalence 

(%) 


Randomly selected population 
sample; 9 carcinomas of the hard 
palate, all among reverse chutta 
smokers 


Smoking category 


Macigo Oral leukoplakia 

(1996) 

Kenya 


KJraiku* 
Ncver-smokcr 
Former smoker 
Current smoker 
Duration (years) 

< 10 
10 

Years since quitting 
5 . 10 
5-9 
£4 


1.0 

4.9(2.3-10.4) 
10.0 (2.9—43.4) 

4.6 (2.1-10.2) 
7,1 (1.1-76.6) 

3.9 (V-4—11.6) 

4.9 (1.7-14.9) 

8.6 (1.4-8B.7) 


Popu I at i o n-ba sed 
1 Home-processed hand-rolled 
products 


Table 2.2.24. Intervention studies on tobacco use and oral lesions in India 

Place Tobacco Oral lesion Sex intervention cohort 

Reference Jipbjt -—- 


Bhavnagar District 

Gupta et at. Bidi 

(1986b) 

Sriknkutam District 

Gupta et at. Reverse 

(1986b) smoking 


Gupta et at. Reverse 

(1994) smoking 


Ernakulum District 
Gupta et ai. Bidi 
(1990) 

Cigarette 


NO. 

Incidence 

No. 

Incidence 


rate/1000 


rate/1000 

224 

41.9 

58 

47.6 

52 

163.3 

671 

427.7 

428 

292.0 

1 167 

513.9 

Person—years 

Incidence 

Person-years 

Incidence 


rate/1000 


rate/1000 

7 341 

1.1 

7 718 

6.2 

49 522 

3.4 

11210 

11.4 

Observed 

Expecied 




Rate ratio Comments 


After 5 years 
of follow-up 


After 5 years 
of follow-up 


After I 0 years 
of follow-up 


After 8 years 

of follow-up 


3006392441 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Place Tobacco habit Oral lesion 

Referen ce 


Gupt& et al. Bidi Leukoplakia 

(1992) 


Intervention cohort 


Person—years Incidence 

rate/1000 


Person-years Incidence 
rate/1000 


Rate ratio Comments 


Bidi Oral lesions 


Stopped 


All others 

Person—years Observed 

Expected 

Person-years 

Observed 

ca 3000 8 

42.3 

ca. 40 000 

601 

Observed 

Incidence/ 

Observed 

Incidence/ 


100 000 


100 000 

1 

24 

80 

155 



Table 2.2.25. Case—control studies of bidi and other tobacco smoking and lung cancer 


Reference 

No. of 

No. of 

Smoking category 

Relative risk (95% CO 

Com men ts 

Country and 
years of study 

cases 

controls 




Dikshit & Katlhcre 

17 

146 

Nonsmoker 

1.0 

Population-based; adjusted for ege 

(2000) 

IOO 

81 

Bidi smoker only 

11.6 (6-4-21.3) 

India 

13 

20 

Cigarette smoker only 

7.7 (3.2—18.41 


1986-92 

31 

33 

Bidi and cigarette smoker 

24.1 (10.4—56.1) 


Gupta et at. (2001) 

26 

172 

Nonsmoker 

1 X3 

Hospital-based; males; relative risks 

India 

208 

261 

Ever-smokcr (any) 

5.0(3.1-8.01 

adjusted for age and education 

1995-97 

137 

162 

Bidi smoker 

5.S (3.4-9.7) 



78 

103 

Cigarette smoker 

3.9 (2.1-7.1) 



12 

3 1 

Hookah smoker 

Bills 

' 1.9 (0.9—4.4) 

’Average consumption of cigarette 




Average no./day' 


equivalents (see text) 


11 

39 

1—4 

1.8 ro.8—4.0) 



46 

54 

5-9 

5.9 (3.2-10.8) 



67 

63 

10-19 

6.8 (3.9-12.1) 



13 

6 

Sr 20 

Duration (years) 

12.3 (4.2-36.1) 



23 

45 

0-24 

3.7 (1.8-7.7) 



48 

36 

25-34 

9.6 (4.9-18.7) 



30 

48 

35-44 

3.7 (L9-7.2) 



37 

33 

S 45 

Pack-years 

6.4 (3.3-12.6) 



41 

71 

0-9 

3.9 (2.1-7.1) 



57 

54 

10-19 

6.5(3.6-11.7) 



26 

23 

20-29 

6.9 (3.4-14.3) 



13 

14 

£ 30 

5.3 {2*2—V2.9) 





Hookah 

Average no./day 




12 

31 

1—4 

Duration (years) 

1.9 (0.9-4.4) 



1 

9 

0-24 

0.5 t0.1-4.4) 



0 

6 

25-34 

- 



6 

io 

3 5—44 

2.7 (0,9-6-S) 



5 

6 

a 45 

Pack-years 

4.4 (1.2-16.4) 



12 

31 

0-9 

1.9 (0.9-4.4) 



3006392442 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2.26. Case—control studies on bidi and other tobacco smoking and cancer of the larynx and oesophagus 


Reference No. of No. of Smoking category Relative risk Comments 

Country and cases controls (9S% Cl) 

years of study 


Larynx 


Sankaranaraynnan 



No. of bidis/day 


Hospital-based 

et aL (1990b) 

101 

402 

None 

1.0 


India 

31 

65 

£ 10 

1 .8(1.1-2.9) 


1983-84 

31 

55 

11-20 

2.1 (1.3-3,5) 



25 

20 

a 21 

5.1 (2.7-96) 

p for trend < 0.001 




Duration (years) 


Adjusted for duration of cigarette smoking, 




Never 

1.0 

frequency of bidi and cigarette smoking and 




5 20 

1.3 (0.3-6.4) 

duration of alcohol use 




£21 

7.1 (4.0—12.5) 

p for trend * 0.001 

Rao et at. (1999) 



No. of bidis/day 


Hospital'based 

India 

203 

445 

Nonsmoker 

1.0 


1980—84 

93 

77 

*—10 

1.8 (1.2-2.8) 



38 

52 

1 1-20 

1.4 (0.8—2.4) 



76 

53 

21-30 

2.5 <1.7-4.1) 



11 

4 

£3! 

Duration (years) 

3.8(0.9-14.1) 



203 

445 

Nonsmoker 

1.0 



24 

62 

1-10 

1.2 (0.7-2.3) 



44 

46 

11-20 

2.3 (1.4—4.3) 



62 

38 

21-30 

2.3 (1.4-4.1) 



88 

40 

2 31 

Bidi smoking 

2.0 <1.3-3.2) 

Adjusted for alcohol use, illiteracy. 




Nonsmoker 

1.0 

ve g etari a u/n on.-vegetarian diet and tobacco 




Smoker 

2.1 (1.6-2.8) 

chewing 


Table 2.2.26 (contd) 


Reference 

Country and 
years of study 

No. of 
cases 

No. of 
controls 

Smoking category 

Relative risk 

(95% Cl) 

Comments 

Oesophagus 






Sa nkarana raya n an 



No. ofbidis/day 


Hospital-based 

ctai. (1991) 

88 

402 

Hone 

J.O 


India 

45 

65 

S 10 

2.8 <1.8-4.5) 


1983-84 

45 

55 

11-20 

3.5 (2.2—5.5) 



24 

20 

2 21 

5.2 <2.7-10.0) 

p for trend < 0.00 l 




Duration (years) 


Adjusted for the number of hidis and cigarettes 




Never 

1.0 

smoked daily, alcohol use and pan-tobacco 




< 20 

2.1 (0.8—5.9) 

chewing 




> 20 

4.7 (2.8-7.9) 

p for trend < 0.001 

Nundakurnar et ai. 



All cases 


Hospital-based: age- and sex-matched, adjusted 


36 

139 

Nonsmoker 

1-0 

for tobacco chewing, pan chewing without 

India 



Bidi smoker 

4.0 (2.3—6.8) 

tobacco, alcohol drinking and cigarette smoking 

1982-85 



Upper third 




4 

16 

Nonsmoker 

1.0 



1 1 

8 

Bidi smoker 

7.1 (1.1—46.8) 





Middle third 




14 

76 

Nonsmoker 

1.0 



60 

73 

Bidi smoker 

6.0 (2.5-14.5) 





Lower third 




12 

37 

Nonsmoker 

1,0 



34 

48 

Bidi smoker 

3.9 (1.4-10.7) 


Nayar et ai. (2000), 



Bidi smoking 


Hospital-based; matched controls; adjusted for 

India 

83 

1 12 

Never-smoker 

1.0 

betel quid with tobacco and diet (other 


66 

37 

Daily smoker 

2.0 (1.2-3.3) 

vegetables besides leafy greens) 
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jj Synergistic carcinogenic effects of tobacco smoke and other 

carcinogens 

jj.l Introduction 

This section addresses the combined effects on cancer risk of cigarette smoking and 
other agents also associated with risk, excluding smokeless tobacco. The chapter is 
lestricted to studies nf smoking and exposures to single agents and does not address modi¬ 
fication of nsk by diet, whether by specific foods, nutrients or micronutrients. 

For many cancers, including lung cancer, multiple causal factors are relevant and 
persons being exposed to more than one risk factor may be subject to risks beyond those 
anticipated from the individual agents acting alone. The terminology and methods used to 
characterize the combined effects of two or more agents have been poorly standardized 
jiith substantia? blurring of concepts derived from toxicology, biostatistics and epidemio¬ 
logy (Greenland, 1993; Mauderiy, 1993). Epidemiologists refer to effect modification if 
effects, of multiple agents are interdependent whereas toxicologists assess whether the 
effects of multiple agents are synergistic (positive interdependence) or antagonistic ( nega- 
ive interdependence). Statisticians test whether there is interaction between independent 
determinants of cancer risk. For the purposes of this report, epidemiological concepts arc 
followed, such that interdependence of effects is termed effect modification, and synergism 
mi antagonism are used to describe the consequences of the interdependence of disease 
risk when both risk factors are present (Rothman & Greenland, 1998). The term interaction 
is reserved for the statistical approach for testing whether effect modification is present. 

In a toxicological paradigm that extends from exposure through dose and finally to bio- 
bgical effects, there are a number of different points at which smoking might influence the 
(Sect of another nsk factor. The 1985 Report of the US Surgeon General (US Department 
of Health and Human Services, 1985) set out a broad conceptual framework for considering 
ie joint effect of smoking with an occupational agent, which can be extended more gene¬ 
rally to other risk factors. The levels of potential interaction between agents are multiple, 
ranging from molecular to behavioural (Table 2.3.1). Current research on the molecular 
Oasis of carcinogenesis is improving the understanding of potential points of interaction at 
It mechanistic level, but approaches to assess effect modification remain largely empirical. 
Some of the potential points of interaction (Table 2.3.1) would have an impact on the level 
exposure, others — including the exposure-dose relationship — on the dose-response 
* lbn of with risk, either for smoking or for die modifying factor. Typically, 
epidemiological data do not provide evidence relevant for assessing each of these potential 
Nts of interaction of another risk factor with cigarette smoking. In assessing the presence 
“synergism or antagonism, a model is assumed to predict the combined effect from the 
wvidual effects; in the absence of sufficient biological understanding to be certain of the 
^ appropriate model, the choice is often driven by convention or convenience. There is 
^ a P° tential for lhe combined effects to vary over the life-span; as the carcinogenesis 
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I process advances, agents are cleared (e.g. chrysolile asbestos fibres are cleared or dissolve 

in the lung), or exposure to tobacco or the other agent ends. Epidemiological studies gene¬ 
rally only capture combined effects over a single interval of time. 

In a multi-stage formulation of carcinogenesis, inferences as to the stages at which 
j agents act can be made based on patterns of effect modification, particularly if data ajj 

available on the timing of exposure ( Doll, 1971; Whittemore, 1977; Thomas & Whittemote, 
j 1988). Effect modification also has implications for prevention, as synergism may increase 

the disease burden beyond that anticipated from the risk of smoking alone and may place 
some people, e.g. occupationally exposed workers, at particularly high risk. 

: The identification of studies addressing effect modification is difficult as authors may 

not have noted that effect modification was examined and search terms are not sufficiently 
conclusive. It was also impossible to search all studies revolving smoking and potential 
modifying factors. Consequently, targeted searches were used to find published articles 
j that specifically mentioned interaction, synergism or antagonism. Summary reviews also 

i could be used as a further source of references. 

' (a) Epidemiological concepts w 

The effect of a risk factor for a disease may be estimated on an absolute scale or on a 
relative scale. In the absolute risk model, the risk Mx)) of disease associated with some 
factor (x) can be expressed in a simple linear relationship as: 
r(x} = r 0 + |ix 

while in a relative risk relationship, risk is given by: 

! r(x)-r 0 x(1 r j5x)=r,j + r 0 Px 

i where r 0 is the background rate of disease in the absence of exposure and p describes the 

i increment in risk per unit increment in exposure to x. Under a relative risk 

characterization of disease risk, the impact of an exposure on disease risk, r oPx, depends 
i on the background rate. In the absolute risk model, the effect of exposure on disease risk, 

px, does not depend on the level of ro- The selection of the risk model {i.e. absolute of 
relative), has substantial implications for interpreting tiic combined effects of two agents 
and for extending nsks observed in one population to anotltet popufcrtiou that may not 
have comparable r 0 because of differing patterns of risk factors other than the exposure of 
interest. 

! These two models can be extended to address the effects of multiple causes of disease. 

In the example of two exposures, x | and x 2 (e.g. radon and smoking), disease risk (rDhxj) 
under a relative risk model is given by: 

Additive model: tfxi,x 2 ) = r 0 + rift x t + toftt h M 

Multiplicative model: ifX[,x 2 ) = r 0 x (1 + p, Xj)0 + Pa * 2 ) = 
fi) + fiiPi x i + r oPa * 2 +ritPt x,p 2 x 2 = 
r« + toPi x, + r«fc Xj(l + Pi Xi) 
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fnntparison of these two models highlights the differing dependence of the effect of x 2 on 
r, and x,. In assessing the role of x 2 on disease risk, a multiplicative mode! implies that the 
.(fact of x 2 on disease risk depends not only on r 0) but also or the effect of x t . In contrast, 
under the additive model, the effect of x 2 depends on r„ but not on the effect of x,. 

Epidemiologists describe the effect of exposures in causing disease either as a diffe- 
jeoce on an absolute scale or as a ratio on a relative scale. The preference has been for 
(jtto measures (e.g. the relative risk that compares risk in the exposed group to risk in a 
jeferent group, typically the unexposed group). Effect modification is considered to occur 
when the combined effect of two or more variables is larger or smaller than the antici¬ 
pated effect predicted by the independent effects, based on the measure used (Greenland, 
1993). Current analytical approaches compare the combined effect to predictions based 
ja either additivity or multiplicativity of the individual effects, that is, using either the 
absolute risk or relative nsk models described above. Thus, a factor may be an effect 
modifier in the additive model and not in the multiplicative model. Epidemiologists have 
recognized that the appropriate scale for assessing a combined effect depends on the 
latent of the analysis (Rothman et al ., 1980). For public health purposes, an effect greater 
Than additive is considered as synergistic. Biological mechanisms, if sufficiently under¬ 
stood, may suggest an alternative scale for assessment. 

.- Although epidemiological methods have been proposed for assessing effect modi¬ 
fication, no strict criteria for determining its presence have been defined. Rothman (1976) 
developed a synergy index that quantifies departure from independence of effects. Statis¬ 
tical significance alone is recognized to be an insufficient criterion (Greenland, 1993), and 
the interpretation of patterns of interdependence remains subjective. Additionally, in¬ 
adequate statistical power often limits the assessment of effect modification (Greenland, 
1983) and interpretation of possible effect modification should also consider the conse¬ 
quences of exposure measurement error, which may differ in degree for smoking and the 
other agentfs). 

The concern about limited power extends specifically to studies of smoking and 
fcease. Particularly limiting is the small number of cases that occur among nonsmokers 
# the studies of occupational agents. 

( b ) Statistical concepts 

Statisticians have used the term ‘interaction’ to refer to interdependence as detected 
to a statistical approach or ‘model’. Interaction, which is equivalent to tire epidemio- 
kgical concept of effect modification, has typically been assessed in a regression frame¬ 
work using product terms of the risk factors of interest to test for effect modification 
(Thomas & Whittemore, 1988; Rothman & Greenland, 1998). For example, interaction 
toween two risk factors, X) (e.g. smoking) and x 2 (e.g. radon exposure) could be assessed 
•sing the following model: 

ffx,,Xj) = I + p,X, + p_,X 2 + P 3 X,X 2 
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. In this linear model, the product or interaction term, p 3 x,x 2> estimates the joint contri- 
bution of the two agents to the risk. The model provides an estimate of the value o f (i, and 
a test of the statistical significance of |} 3 for the null hypothesis: j3 3 = 0. This modelling 
approach inherently assumes a mathematical scale on which the interaction is chaiac, 
terized, the usual choices being additive or multiplicative. Most often, primarily because 
of computational convenience, the multiplicative scale is used. Alternative approaches for 
assessing interaction have been described (Thomas, 1981; Breslow & Storer, 1985; Ltbio 
& Gaffey, 1988). These choices more flexibly estimate the combined effects of risk 
factors without imposing the rigidity of a particular scale. Imprecision and bias 6om 
measurement error may also limit estimates obtained from such modelling approaches 

(c) Characterizing the burden of cancer attributable to smoking , 

In describing the burden of disease, epidemiologists use a quantity referred to as the 
attributable risk (Rothman & Greenland, 1998). The attributable risk indicates the burden 
of disease that could be avoided ifexposure to the agent of concern were hilly prevented, 
This measure has been widely used for cigarette smoking to estimate the burden of 

avoidable tobacco-caused disease. ' lt ''' 

One form of the attnbutable risk, the population attributable risk (PAR) describes the 
proportion of disease in a population associated with exposure to an agent. For a facto.— 
x, having an associated relative risk RR,, PAR is calculated as below, where 1 and J ( and 
/> and R 0 m ^ disease rates and probabilities of exposure in the population under 
current conditions and under some counterfactual set of conditions of diffenng exposure 
(for smoking, generally the complete prevention of smoking), respectively; 

PAR(x) =_M, 

/ 

= PJ t + P(f)- Iq 

• ,L 

* A( RR r!) 

p,(RRi-i)+i '/•' 

For diseases caused by several agents, the total burden of disease that is theoretically 
preventable may exceed the observed number of cases, or 100%, if there are synergistic 
patterns of effect modification on an additive scale. For example, an estimate of ssmdanf 
attributable lung cancer cases can be conceptualized as including those cases caused^ 
smoking, and those caused by radon and smoking in smokers. In the above form™- 
attributable risk figure for smoking includes those cases caused by smoking alofl 
radon and smoking acting together; similaily, die attributable risk figure for ra on 
include those cases caused by radon alone and those caused by radon acting toge 
smoking. Combining the attributable risk estimates for smoking and radon coun 
jointly determined cases twice. This subtlety of the attributable nsk statistic is m 
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yersally appreciated and there is widespread misperception that the attributable risk 
should add up to 100% when all the various causes of the cancer are considered. 

For two factors, x, and x 2 , the sum of the individual exposure-specific PAR estimates, 
pAR(X|) and PAR(x 2 ), can exceed 100%. However, when evaluating two factors, these 
jftRs are incorrectly determined by contamination of the referent groups; i.e. the 
subgroup of individuals with x, = 0 includes subjects for whom x 2 may be 0 or 1 and the 
aibgmup of individuals with x 2 = 0 includes persons for whom x, may be 0 or 1, 

For joint exposures to x, and x 2 , PAR is defined as; 

pAR R>ri - fj,i(RR |.i -1) + f\ 0 (RR w -1) t-RftffRR*, -1) 

^,(RR U -1) i- -1) +1 

The PAR for two exposures, e.g. smokiug and radon, is the sum of components due 
lo smoking in the absence of radon exposure, to radon exposure in the absence of 
smoking, i.e. in never-smokers, and to the combined effect of radon exposure and 
smoking. PAR|X|,x 2 ), calculated with the above formula, cannot exceed 100%. 
t- Finally, the definition of PAR can be generalized for a continuous exposure, x, with 
espesure distribution f, as 

PAR(x) =Ldl 
I 

J/(x)f(x)dx-/ ll 

j/(x)f(x)dx 

_ jRR(x)f(x)iix-l 

} RR(x)f(x)dx 

*kre RR(x) is the relative risk for exposure level x, relative to zero exposure. 


j Asbestos, a term referring to a group of fibrous silicates, has long been identified as 
•ause of lung cancer, and was classified by IARC as carcinogenic to humans (Group I) 
PC, 1987). Many studies of asbestos-exposed workers have addressed the combined 
feet of asbestos and smoking on lung cancer risk. Data available at the time allowed the 

Wnrvirv. ^1-LI’ L it ml . . 


“Kited a synergistic effect of smoking with regard to lung cancer’ (IARC, 1987). There 
p been several recent comprehensive reviews on this topic (Encn et ai ., 1999; Lee, 
It. 2001 )j 05 we H as several frequently-cited earlier reviews (Saracci, 1977; 
" W & Boffetta, 1994). The topic has also been addressed in several reviews on occu- 
^nal carcinogens ingeneral and smoking (Saracci, 1987; Saracci & Boffetta, 1994). 
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Tables 2.3.2 and 2.3.3 summarize the characteristics of the principal relevant lie synergy index derived by meta-analysis was 0.90 (95% Cl, 0.67-1.20), which was 

case-control and cohort studies, respectively, reviewed by Lee (2001), together with one consistent with a multiplicative interaction. 

more recent study (Gustavsson et a/., 2002). These studies vary widely in design and in The discrepancy between the analyses, findings and conclusions of Erren et al. 
the quality and extent of information available on smoking and on asbestos exposure. I n ji 999), Lee (2001) and Liddell (2001) lies in the selection of studies and the approaches 

the cohort studies, exposure to asbestos was generally at levels that would be considered used to abstract and analyse the evidence. All three reviews document the range of the 

high in relation to today’s occupational standards. Exposure estimates were based on jyjdence and the imprecision with which many of the studies assess effect modification, 

available sources of information including measurements that were generally limited in The Working Group concluded that the evidence supports synergism between 


scope. Types of information included: job and industry, judgement of industrial 
hygienists, and self-report. The extent of the available information on smoking was also 
variable and in many of the cohort studies information was collected only at the initiation 
of follow-up or some other single point in time. In the case-control studies, interviews 
with the participants or with a surrogate respondent for deceased persons were the 
principal source of information. 

Tables 2.3.4 and 2.3.5, adapted ftom Lee (2001), provide the relative risks for the four 
strata created by dichotomous classification of smoking and asbestos exposure. The 
general pattern of the risk estimates indicated departure from additivity in many of the 
studies, although the findings of some studies did not indicate synergism (McDonald «... 
et d. ,1993; McDonald et al., 1999). The extent of departure from additivity varied across 
studies, from only slightly greater than additive (Gustavsson et al, 2002) to a.multiply,.., 
cative interaction (Hammond et al., 1979). 

The three recent reviews include quantitative summanes of the evidence on effect 
modification. (The Working Group did not attempt to replicate these analyses.] I 

Emeu and colleagues (Erren etai, 1999) identified 17 relevant reports published ftom 
1966 to 19%. Of these, 12 were included in the analysis, which used Rothman’s synergy 
index. The value of the synergy index exceeded unity in all of the 12 studies. After exclu¬ 
ding one study and verifying the absence of significant heterogeneity between the studies, 
the weighted summary value of the synergy index was estimated as 1.66 (95% 0, 
1.33-2.06). v : 

Liddell (2001) focused on seven cohort studies and six case-control studies. He also .., 
calculated an index of effect modification, termed the relative asbestos effect (RAE), 
which exceeded unity if the effect was greater in nonsmokers than in smokers. For the 
cohort studies, the estimate of RAE was 2.04 (95% Cl, 1.28-3.25), indicating that the 
relative risk for asbestos exposure in nonsmokers was twice that in smokers; for the casej 
control studies, the RAE estimate was 0.83 (95% Cl, 0.53-1.30). Liddell set aside ibe 
case-control data as being of insufficient quality and found that the data from cohort 
studies were not consistent with a fully multiplicative interaction. [The Working group 
noted that Liddell did not test for departure from additivity]. 

Lee (2001) analysed data from 23 studies, testing for additivity and multiplicative 
The studies reviewed showed strong evidence for departure from additivity. A test®, ^ 
multiplicativity was used that was conceptually comparable to Rothman’s synergy fe** ^ 
Although the value of this index varied substantially across studies, the summary ® ue 0 


i 



gbestos exposure and smoking in causing lung cancer, but notes that the degree of syner- 
gjsm remains uncertain. 

2,3.3 Radon and other ionizing radiation 

The combined effect of radon and smoking has been investigated in cohort studies of 
underground miners exposed to radon and radon progeny and in case-control studies of 
jag cancer and exposure to radon in homes. The Working Group for the IARC Mono- 
ptrp/i on radon 'considered that the epidemiological evidence [did] not lead to a firm con¬ 
tusion concerning the interaction between exposure to radon decay products and tobacco 
smoking’(IARC, 1988a). The report of the US National Research Council’s Biological 
jEffecls of Ionizing Radiation (BE1R) VI Committee provided an in-depth review of the 
combined effect of smoking and radon on lung cancer risk and the following section is 
largely based on this report (National Research Council, 1999). The cohort and case- 
control studies cited in that review, together with mote recent studies, are included in 
Tables 2.3.6 and 2.3.7. 

The BEIR VI Committee identified five cohort studies of underground miners that 
provided information on both smoking and exposure to radon progeny (Table 2.3.6). The 
extent of information available on smoking was variable and smoking was not systema¬ 
tically evaluated across the follow-up of any of the cohorts. Quantitative estimates of expo- 
site to radon progeny were available for all participants. The data had been analysed by 
Lubin et al. (1994) using a mixture model that flexibly assessed effect modification. The 
two largest studies, the study of Colorado Plateau uranium miners and the study of Chinese 
tin miners, provided the strongest evidence of effect modification because of the size of the 
Khorts and the numbers of lung cancer deaths. Both studies provided evidence against the 
dtlilive model, as did the overall estimate for the mixture parameter, which indicated a 
Ksigistic but submultiplicative interaction. 

In modelling the risk for lung cancer, the BEIR VI Committee adopted this submulti- 
PJrative interaction. Relative to the overall effect of exposure to radon progeny on lung 
Queer risk, the risk estimate in ever-smokers was proportionally lower by a factor of 0.9 
Pereas the relative effect in never-smokers was proportionally higher by 1.9. 

Homung and colleagues (Homung et al., 1998) reported an analysis of die Culorado 
' fjtceau study that incorporated updated smokitig information obtained in 1986 from 
' giving cohort members and next of kin of deceased members. The smoking histories, 
ikdated for about two-thirds of the original cohort, showed a substantial rise in ihe 
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proportion of former smokers. Multiple analytical approaches were used to explore effect 
modification. Hie general finding was that the interaction between smoking and radon was 
submultiplicative, but there was no strong evidence against a multiplicative interaction. 

Further evidence on smoking and exposure to radon progeny has come from,, 
population-based case-control study conducted in Gejiu City, the site of the Yunnan fm 
Corporation (Yao et al, 1994). This study included 460 cases, of whom 368 had been 
miners, and 1043 controls. Tobacco was smoked by study participants as cigarettes or with 
water pipes or Chinese long-stem pipes; a mixed pattern of smoking was most common 
In contrast to the cohort analysis of the Yunnan tin miners, the case-control data waj 
consistent with a multiplicative model, although the best-fitting mode! was intermediate 
between additive and multiplicative. 

The joint effect of smoking and exposure to radon progeny could plausibly vary whb 
the sequence of the two exposures. Thomas and colleagues (Thomas et al, 1994) analysed 
the Colorado Plateau data using a case-control approach to assess temporal modification 
of the interaction between radon progeny and smoking. They characterized the temponl 
sequence of the two exposures as: simultaneous; radon before smoking; and radon 
following smoking. Exposure to radon followed by smoking was associated with an ess® 
tially additive effect whereas smoking followed by exposure to radon was associated with 
a more than multiplicative effect on a relative risk scale. Thomas and colleagues interpmei 
this finding as suggesting that smoking could act to promote radon-initiated cells. 

The data from the Colorado Plateau cohort and Yunnan tin miners cohort have been 
analysed with mechanistic carcinogenic models, based in the Moolgavkar, Venzon and 
Knudson two-mutation model (Moolgavkar eta!., 1993; Luebeck et a!., 1999; Hazeltoa 
eta!, 2001; Little et al, 2002). Under the assumed models, inferences can be made as to 
the mutations affected by smoking and exposure to radon progeny. In the most recent 
analysis of the Colorado Plateau cohort data (Little et al, 2002), the findings of a twn- 
stage model implied action of both factors on the first mutation rate and an action of expo¬ 
sure to radon progeny on intermediate cell death or the differentiation rate. A two-stage 
mode! was applied by Hazelton et a!. (2001) to the Yunnan tin miner cohort data, which 
included estimates of exposure to smoking, arsenic and radon progeny. Various modf's 
were fitted; all showed effects of each of the exposures; radon had the smallest effect# 
smoking the greatest. . ’( 

Effect modification has also been assessed in case-control studies of lung cancer in tfc 
general population (Table 2.3.7). All studies made estimates of radon concentration in the 
current and past homes of persons with lung cancer and of appropriate controls. Mb'- 
mation on smoking was obtained by interview with the index respondent or with a surrc- 
gate for deceased persons. Measurement error is an unavoidable limitation of these stufe 
as exposure to radon throughout the lifetime is considered relevant to risk for lung caocff 
in adulthood. 

Because most cases of lung cancer occur in smokers, the case-control studies indtjc'. - 
few never-smokers and consequently effect modification cannot be characterized with pc 
precision. The available studies do not provide evidence for effect modification, consid. 


djthe multiplicative scale. [The Working Group noted that the studies have not been syste- 
(jatically analysed for the presence of synergism, assessed as departure from additivity]. 

The combined effect of smoking and exposure to radiation has been assessed in a few 
populations exposed to low-linear energy transfer (LET) radiation. These populations 
girded atomic bomb survivors (Prentice et al, 1983; Kopecky et al, 1986), persons 
Kceiving therapeutic irradiation for breast cancer (Kaldor et al, 1992; Neugut et al, 
1 ^ 94 ; Van Leeuwen et al, 1995), and workers subjected to mixed exposure to external 
gjoiuna radiation and internal emitters (Petersen et al, 1990). 

Of the cancer risks associated with exposure to radiation in atomic bomb survivors, 
relative risks for lung cancer art among Ibe highest (Mabuchi et al, 1991). A series of 
Judies conducted by the Radiation Effects Research Foundation have explored the effect 
' 0 f smoking on lung cancer in the atomic bomb survivors. Kopecky et al. (1986) reported 
sn analysis of the combined effects of smoking and radiation in a selected cohort for 
»hich information was available on smoking. A total of 351 cases of lung cancer were 
reported in a cohort of 29 332 exposed survivors. Poisson regression models were used to 
assess the effects of exposure to radiation (using the T65 radiation dosimetry), and 
miring, with control for other factors including age at the time of the bombing. Using 
a additive model for the excess relative risk, Kopecky et al (1986) found that both 
nposure to radiation and cigarette smoking were determinants of lung cancer risk; an 
interaction term for the two exposures was not statistically significant (p = 0.72). While 
Kopecky et al. (1986) expressed a preference for the additive model based on these 
analyses, further analyses by the BE1RIV Committee (National Research Council, 1988) 
showed that the data were equally compatible with a multiplicative model. 

Three studies have examined modification by cigarette smoking of the risk for lung 
nicer following therapeutic irradiation. 

Neugut et al. (1994) conducted a case—control study of Connecticut women with a 
, iscond primary cancer following an initial diagnosis of breast cancer. The cases (ti = 94) 
wore women with lung cancer as the second primary cancer whereas the controls (n = 
, 598) had a second malignancy of a type not associated with smoking or radiation. The 
fattem of the increased risk associated with both smoking and radiation therapy for the 
initial breast cancer was consistent with a multiplicative interaction; however, the consis- 
4j»cy of the data with different models was not formally assessed. 

Van Leeuwen et al. (1995) used a nested case-control design to assess risk for lung 
fencer in relation to radiation and smoking in a cohort of 1939 patients who had received 
fitment for Hodgkin disease in the Netherlands. The 30 cases identified during an 18- 
Jtor follow-up were matched to 82 controls. Radiation doses to the region of the lung 
.•here the case developed cancer were estimated and information on smoking was 
' Stained from several sources. There was a significantly greater increase in risk among 
inkers in relation to estimated radiation dose than among nonsmokers. However, in 
^viewing the findings, Boivin (1995) showed that the pattern of combined effects was 
jinsistent with additivity of the excess relative risks. This study was limited by the small 
^iiber of lung cancer cases and by the potential modifying effects of chemotherapy. 
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Therapy for small-cell carcinoma of the lung includes aggressive chemotherapy ^ 
radiation. Tucker et al. (1997) carried out a multi-centre study in North America of 6s j 
persons treated for small-cell carcinoma of the lung and who remained cancer-free fory 
least two years after ihe therapy. The risks varied with smoking status with the highest risk 
being found in those who continued to smoke alter die initial diagnosis of lung cancet 
(relative risk= 21); no second lung cancers were observed in the 13 never-smokets. fl* 
authors reported that the interaction was not statistically significant when a model was 
used to assess interaction. .'-s. 

2.3.4 Arsenic '» 

The combined effect of smoking and arsenic on lung cancer risk has been examined 
in occupational groups exposed to arsenic through work in smelting or metal mining. 
Table 2.3,8 summarizes the studies included in two relevant reviews (Hertz-Picciotto 
el al, 1992; Saracci & Boffetta, 1994). 

Hertz-Picciotto el al (1992) used data from six studies (Render el al, 1977; 
Pcrshagen el al, 1981; Enterline, 1983; Pershagen, 1985; Enterline et al, 1987; Jimp A 
Pershagen, 1991) to evaluate the pattern of joint effects. Although the data available Cron 
the different studies were not uniform, the analysis indicated a pattern of combined effects 

that was consistently greater than additive. 

■ t 

2.3.5 Alcohol drinking ■■■■i 

The combined effects of smoking and alcohol consumption on cancers of the oral 
cavity, pharynx, larynx and oesophagus have been examined extensively, and to a lesser 
degree for cancer of the liver (Table 2.3.9). The studies varied in their methods and in the 
approaches used to assess effect modification, which ranged from descriptive to formal 

estimation of interaction terms in multivariate models. ■ 

(a) Cancers of the upper aerodigeslive tract 

For cancers of the oral cavity and pharynx, the evidence comes entirely from 
case-control studies carried out in Asia, Australia, Europe and the United States, to w 
majority of the studies, evaluation of effect modification was descriptive, without fonnsJ 
assessment of interaction. Overall, however, the pattern of odds ratios for smoking, act* 
categories of alcohol consumption, is consistent with synergism. In two studies with rela¬ 
tively large numbers of cases and controls, the pattern of increasing cancer risk wi 
increasing alcohol consumption is strong (Mashberg et a!., 1993; Rabat et al, 1994),,, 
both studies, the pattern ofodds ratios for men and women was consistent with synergism 
and a test for interaction was statistically significant for both sexes. « 

Seven case-control studies and one cohort study reported on joint effects of mbac. 
smoking and alcohol drinking on the risk for oesophageal cancer. Generally, the stums 
support a positive departure of joint effects from additivity. Since multiple to? 5,c 


jegression models were used for analysing most of these studies, some also were tested 
for departure from multiplicativity. These tests for interaction are inadequate to assess 
synergy as defined in this monograph. 

Most of die case-control studies of laryngeal cancer provide strong evidence for 
syneigism. The studies were carried out in a number of locations around the world. Only 
the study in Shanghai (Zheng etal, 1992) did not yield evidence consistent with syner¬ 
gism. In a number of studies, tests for interaction were carried out and reported to be ‘non¬ 
significant.’ These were tests for departure from the multiplicative models, typically 
multiple logistic regression models, used to analyze the case-control data, ami not tests 
for departure from additivity. 

Several studies reported on findings on cancer of the ‘mixed upper aeiodigestive 
pet’, comprising studies of patients with squamous cell carcinomas, regardless of the 
specific site within the head and neck region. These studies also provided strong evidence 
for synergism. 

( b ) Liver cancer 

Alcohol consumption is an established cause of liver cancer (IARC, 1988b) and of 
hepatic injury, which may lead to hepatic cirrhosis. Six case-control studies were iden¬ 
tified that included information on the joint effect of smoking and alcohol consumption 
(i liver cancer risk. In three studies, odds ratios for smokers were greater if they were 
also in the higher category of alcohol consumption (Chen et al, 1991; Yu et al, 1 991; 
Kupcre/af, 2000). In one study (Kuper etal, 2000), there was a statistically significant 
and supei-multiplicalivc interaction between heavy smoking and heavy drinking in 
causing liver cancer. 

13.6 Infectious agents 
| (a) Hepatitis B 

, TVo case-control studies were identified that provided evidence on risk for liver cancer 
associated with smoking by serological status for hepatitis B infection (Table 2.3.10). The 
r. faults arc conflicting; the study conducted in Greece (Trichopoulos et al., 1987) showed 
gent-rally lower odds ratios in subjects who were seropositive for hepatitis B surface antigen 
fompared with those who were negative for Ihe antigen, whereas the study from China, 
Province of Taiwan (Chen et al, 1991) showed greater risks in subjects who were positive 
to hepatitis B surfece antigen. 

(b) Human papillomavirus 

For cervical cancer (squamous-cell type), evidence suggests that human papilloma- 
Tmn (HPV) is a necessaiy factor, and implies dial the risk of smoking cannot be estimated 
.»He absence of HPV infection. Because the absolute risk of cervical cancer in the absence 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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of HP V infection, is hence by definition zero, the incremental risk associated with smoking 
is interpreted as indicating synergism (Table 2.3.11). 

(e) Helicobacter pylori 

A case-control study of stomach cancer in Moscow examined the combined effect of 
smoking and H. pylori infection (Zaridze et a/., 2000). in ion-infected persons, the odds 
ratio, comparing ever- to never-smokers was 1.2 (95% Cl, 0.8—1.8) whereas in infected 
persons, the odds ratio was 1.6 (95% Cl, 1.0-2.4). The odds ratios did not vary 
significantly with infection status. No otkr studies were identified. 


only one was rot a small-cell carcinoma. On follow-up of workers in the plant 
jonsmokers were found to comprise a higher proportion of cases than in the general 
population (Weiss et a!., 1979), in a small cohort (n = 51) apparently drawn from the same 
plant (Weiss, 1980), the standardized mortality rate for lung cancer death was markedly 
higher for never-smokers and former smokers together, compared with current smokers. 
The authors interpreted this analysis as indicating antagonism between smoking and 
exposure to chloromethyl ethers. [The Working Group noted the limited information 
available on the joint effect of smoking and exposure to chloromethyl ethers.] 


2.3.7 Others 

(а) Nickel 

Only one study addressed the combined effect of occupational exposure to nickel and 
cigarette smoking, Andersen and colleagues (Andersen et at, 1996) reported the findings 
of a cohort study of workers (n = 4764) at the Falconbndge nickel refinery (Norway), 
Information on smoking was obtained primarily from medical records at the refinery and 
from co-workers. Assessment of effect modification was restricted to 1337 men wb were 
in the same birth cohorts as a population comparison group. The results were consistent 
with a combined effect of nickel exposure and smoking that is multiplicative: the relative 
nsk for unexposed smokers was 6.1; the relative risk for exposed never-smokers was 3.6; 
and relative risk for exposed smokers was 23. ' 

(б) Silica (silicon dioxide) 

Exposure to silica is common among miners, sand-blasters and many other occu¬ 
pational groups. Crystalline silica has been classified by IARC as carcinogenic to humans 
(Group 1) (IARC, 1997) and is also known to cause silicosis, a fibriotic disorder of the 
lungs. Workers with silicosis have an increased risk for lung cancer that may be the direct 
consequence of the silica particles deposited in the lung, or an indirect consequence of the 
lung fibrosis. 

Studies that have investigated the combined effect of smoking with silica exposure are 
summarized in Table 2.3.12 (Saracci & Boffetta, 1994). Both studies on silica exposure 
and on silicosis were included. No consistent patterns of effect modification were evident 
in either group nfstudies. 

(c) Chloromethyl ethers 

The chloromethyl ethers include chloromethyl methyl ether and bisfchloromelhyl)- 
ether; these compounds were used in the chemical industry as intermediates in organic 
synthesis and in the production of ion exchange resins. The strong association of exposure 
to this agent with lung cancer was first reported by 1 Figueroa et al. (1973) wb described 
14 cases; three were in never-smokers and the histology for 13 of the cases showed that 
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Table 2.3.2. Characteristics or case—control studies on the combined effect of asbestos exposure and smoking in the causation 
of lung cancer 


Reference 1 

Location 

Years of 
study 

Study type and population 

Controls 

No. of 
cases b 

Source of diagnosis 


Marti schnig 
at at (1977) 

Gateshead, TJK 

1972-73 

Hospital-based; shipbuilding 
area 

Patients 

201 

Confirmed clinical 


Blot et at 
(1978, 19$Q, 
1982) 

Georgia, Virginia, 

Florida, USA 

1970-78 

Shipbuilding areas 

Patients and decedents, no chronic 

obstructive pulmonary disease 

1072 

Death Certificates, 

medical records 


Rubino et al. 
(1979) 

Balangero, Italy 

1946-75 

Nested case-control study in 
chrysolite miners and millers 

Alive when case died 

i2 

Death certificates, 
medical records 


Pastorino 
et at (1984) 

Lombardy, Italy 

1976-79 

Industrial areas 

Population 

204 

Confirmed clinical 

3 

Kjuus et al. 
(1986) 

Telemark and 

Vesi fold, Norway 

1979-83 

Hospital-based; industrial and 
shipbuilding areas 

Patients, no chronic obstructive pulmo¬ 
nary disease, other diseases precluding 
employment in heavy industry 

176 

Medical records 

> 

n 

ro 

O 

Garshick 
etal. (1987) 

USA 

1981-82 

Railroad workers 

Decedent, no cancer, accident, suicide, 
unknown cause 

1081 

Death certificates 

s 

o 

De Klerk 
et at (1991) 

Wittenoom, 

Australia 

1979-86 

Nested case—control study in 
croc idol ite miners and millers 

Alive, no asbestos-related disease 

40 

Death certificates, 
medical records 

rri 

Minowa et al. 

(1991) 

Yokosuka, Japan 

1979-82 

Shipbuilding area 

Decedent, no cancer, pneumoconiosis, 
accident, suicide 

96 

Confirmed clinical 
or autopsy 


Bovenzi et al 
(1993) 

Trieste, Italy 

1979-81, 
1985-86 

Industrial and shipbuilding area 

Decedent, no chronic obstructive 
pulmonary disease, smoking-related 
cancer 

516 

Autopsy records 


Gustavsson 

etal (2002) 

Stockholm, 

Sweden 

1985-90 

All meD aged 40—75 years, 
residents of Stockholm County 

1. Alive 

1. Decedent, no tobacco-related 
disease 

1038 

Regional cancer 
register 



Adapted from Lee (2001) 

“ Reference from which main results were obtained 

b Number of cases with data on smoking and asbestos exposure so 

NP 
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Table 2.3.3. Characteristics of cohort studies on the 
lung cancer 


combined effect of asbestos exposure and smoking in the causation of 


Reference* 


Location 


Follow-up 

period 


Study population 


No. of 

cases'* 


Source of diagnosis 


Elmes Si Simpson { 1971) 
Selikoff & Hammond 

(1975) 

Hammond et al. (1979) 
Sclikoff et al. (1980) 
Acheson el at. (1984) 
Berry et al. (1985) 

Hilt el al. (19B5) 
Neuberger Sc Kurtdi 
(J990) 

Hughes Sc Weill (1991) 

Cheng & Kong (1992) 
McDonald etal. (1993) 
Zhu & Wang (1993) 
Meurman et al. (1994) 
Oksa « aL (1997) 


Belfast, Northern Ireland 

1940-66 

Insulation workers 

19 

New York and New 

Jersey, USA 

1943-74 

Insulation workers 

47 

USA and Canada 

1967-76 

Insulation workers 


New Jersey, USA 

1961-77 

Amosite asbestos factory workers 

50 

Uxbridge, UK 

1947-79 

Amosite asbestos factory workers 

22 

East London, UK 

1960-70, 

1971-80 

Asbestos factory workers 

79 

Telemark, Norway 

1953-80 

Workers in nitric acid production plant 

127 

Vbcklabiuck, Austria 

1950-87 

Asbestos cement products workers 

49 

New Orleans, USA 

1969-83 

Asbestos cement products workers 

26 

Tianjin, China 

l972-87 

Chrysotile asbestos products workers 

21 

Quebec. Canada 

1950-92 

Chrysotilc miners and millers 

299 

8 factories, China 

1972-86 

Chrysotile asbestos products workers 

57 

North Savo, Finland 

1953-91 

AnthophyllUe miners 

55 

Finland 

1967-94 

(1) Asbestos sprayers 

(2) Asbestosis patients 

(3) Silicosis patients 

3 

33 

15 


Death certificates, medical records 
Death certificates, medical records 

Death certificates, medical records 
Death certificates, medical records 
Death certificates 
Death certifiCites 

Death certificates 

Death certificates, medical records 

Death certificates 

Not given (death) 

Death certificates 
Death certificates, medical records 
Cancer registration 
Cancer registry 


Adapted from Lee (2001) 

" Reference from which main results -were obtained. 

* Number of cases with data on smoking and exposure to asbestos 








Table 2.3.4. Case—control studies on the combined effect of exposure to asbestos and smoking in the causation of lung 
cancer 



Reference 

Definition and source 

Definition of smoking 
exposure 

Relative risk* 




Inter- 



Not exposed 
to asbestos 
or smoking 

Exposed to 
asbestos but 
not smoking 

Exposed to 
smoking but 
not asbestos 

Exposed to 

smoking and 

asbestos 


Marti schnig 
et al. (1977) 

Yes vs no: questionnaire on 

work history 

S 15 us 0—14 cigarettes/day 

1 

1.08 

1.78 

5.57 


Blot et al. 
(1978, 1980, 
1982) 

Ever vs never worked in 
shipbuilding: interview of 

patients or proxies about work 
history 

Current or former < 10 years 
Georgia (n = 458) 

Virginia («= 3 19) 

Florida {n - 295) 

l 

l 

1 

1.28 

1 -88 

1.80 

4.71 

3.09 

6,01 

7.58 

4.87 

7,79 

- M © 

CO 

Rubino et al. 
(1979) 

> 101 vs 100 fibre—years; work 
history, dust measurements 

Smoker vs nonsmoker 

0 

0 

1 

2.32 

n 

Q 

© 

Pastorino 
etal. (1984) 

Yes vs no: interview of patients 
or proxies about work history 

S 10 vs 0—9 cigaxettes/day 

1 

2.82 

5.47 

9.86 

1 

KjUUS et al. 

(1986) 

Heavy or moderate v.y uncertain 

or none: interview of patients 
about asbestos exposure 

> 10 v.s 0—9 cigarettes/day 

l 

2.41 

5.41 

19.86 

- M S 

Garshick 
etal. (1987) 

Yes vs no: work history 

> 50 pack—years vs never 
smoker' 








age <65 years 
age > 65 years 

1 

1 

1.20 

0.98 

5.68 

9,14 

6.82 

8.96 


De Klerk 
etal. (1991) 

High vs low: work history, dust 
measurements 

Current or former <10 years 
vj nonsmoker or former 

1 

2.24 

3,44 

9.57 

> M 


Minowa Definite or suspected vj none: 

et al. () 991) interview of proxies about 
work history 


> 10 years 

Current or former < 10 years 
v.v never-smoker or former 

> 10 years 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tabic 2.3.4 (contd) 


Reference 

Definition and source 
of asbestos exposure 

Definition of smoking 
exposure 

Relative risk* 



Inter- 


Not exposed 
to asbestos 
or smoking 

Exposed to 
asbestos but 
not smoking 

Exposed to 
smoking but 

not asbestos 

action 

Exposed to 
smoking and 

asbestos 

Boven/.i 
cl at. (1993) 

Definite or possible v.v none. 

interview of proxies about 
work history 

Ever- os never-smoker 

l 

1.83 

10.13 

15.89 

Gustavsson 
et at. (2002) 

> 2,5 fibre-years v.v none: 
reported work histories 
evaluated by an industrial 

hygienist and linked to 
workplace measurements 

Current smoker us never- 
smoker 

i 

10.2 

21.7 

43.1 


Adapted from Saraeci & Boffetta (1994); Lee (2001) 

J 0 indicates no cases in this category; l- indicates reference group. 

Interaction term taken from Saracci & BofTcUa (1994); numbers in parentheses are based on the assumption of a relative risk due to smoking of 10; 
A, additive; I, intermediate; M, multiplicative 
Fitted logistic regression assuming multiplicative model 
Not applicable because of zero division in odds ratio calculation 


Table 2.3.S. Cohort studies on the combined effects of asbestos exposure and smoking In the causation of lung cancer 


Reference 

Definition and source of 
asbestos exposure 

Definition of smoking 
exposure 

Reference 

group" 

Relative risk 

Not exposed 
to asbestos 
or smoking 

Exposed to 
asbestos but 
not smoking 

Exposed to 
smoking but 
not asbestos 1. 

Exposed to 
smoking and 
asbestos 

Inter¬ 

action'' 

E Imes & 

Study group: inferred from 

Smoker vs nonsmoker 

External 

1 

0 d 

(7.13) 

112.94 


Simpson 

nature of population studied 








(1971) 









Selikoff & 

Study group: inferred from 

Ever vs never-smoker 

External 

1 

8.44 

(7.13) 

73,71 

<>M) 

H ammond 

nature ol population studied 








(1975) 









Hammond 

Study group: inferred from 

Ever vi never-smoker 

External 

1 

5.17 

10.8S 

53.24 

M 

etui. (1979) 

nature nf population studied 








SdikufT 

Study group: inferred from 

Ever vj never-smoker 

External 

1 

25.00 

(7.13) 

33.44 

1 

el at. (1980) 

nature of population studied 








Achcson 

' Medium or heavy vs 

Ever vi never-smoker 

Internal 

0 

1 

0 

2.57 

(— M) 

ei al. (1984) 

background: Work liistoiy 


External 

l 

6.07 

(7.13) 

15.53 



und dust measurements 








Berry et al. 

Severe r.v low lo moderate: 

Ever v.v never-smoker 







(1985) 

work history 

(1960-70) 

Internal 








Men 


l 

0 

1.15 

1.93 

<> M) 



Women 


0 

1 

O 

2.26 

(> M ) 



{1971-80) 

External 








Men 


1 

0 

(7.13) 

19.33 

(A) 



Women 


1 

15.00 

<7.13) 

33.97 

H). 

llilt eta/. 

Exposed r.v population 

Ever v.v never-smoker 

Internal 

1 

0 

5.84 

2S.20 

> M 


<.1985) 

Noubergcr 
& Kundi 

( 1990) 

controls: work history 

All workers: work history 
nnd dust tncasurements 

Cigarctles/day smoked 






Hughes & 

Weill 

(1991) 

Study group: work history 
und dust measurements 

Ever v.v never-smoker 

External l 

0 

(7.13) 

- 13 

sO 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.5 (contd) 


Reference 

Definition and source of 

Definition of smoking 

Reference 

Relative risk 




Inter¬ 

action 5 





Not exposed 
to asbestos 
or smoking 

Exposed to 
asbestos but 
not smoking 

Exposed to 
smoking but 
not asbestos 11 

Exposed to 
smoking and 
asbestos 

Cheng & 

Kong 

(1992) 

Yes vs no: work history and 
dust measurements 

Cigarette smoker 1*5 
nonsmoker 

Internal 

1 

5.44 

1,57 

8.73 

M 

McDonald 
era!. (1993) 

> 60 vs < 60 million 

particles per cubic font x 
years: work history and dust 
measurements 

Ever vs never-smoker 

Internal 

External 

1 

1 

1.65 

4,07 

4.46 

(7,13) 

4.51 

11.13 


Zhu & 

Wong 

(1993) 

Yes vs no: work history and 
dust measurements 

Smoker vs ronsmoker 

Internal 

1 

3.78 

1 .S3 

11.06 


Meurirtan 
eta!. (1994) 

Heavy vs moderate: work 
history 

Cigarette smoker vj 
nonsmokei 

Internal 

External 

1 

1 

0.83 

3.2 3 

6.27 

(713) 

6.16 

23.87 


Oksa et ai 
(1997) 

Study group: medical 
interview 

Evcr-smoker vs never* 
smoker 

Asbestos sprayers 
Patients with 
asbestosis 

Patier.ts with silicosis 

External 

1 

1 

1 

0 

0 

0 

(7.13) 

(7.13) 

(7.13) 

74.77 

81.72 

22-34 



Adapted from Saracci & Boffelta (3994); Lee (2001) 

B Internal: Internal data for all four comparison groups; external; external reference group for asbestos-exposed groups 

* The value of 7.13, shown in parentheses, is a value assumed by Lee (2001) and taken from the British Doctors' Study (see Section 2.0). 

6 Interaction term taken from Snracci &. Bofferta (1994); numbers in parentheses are based oun the assumption of a relative risk due to smoking of 10; A, additive; I, 
intermediate; M, multiplicative 

d Only five nansmofcers At risk __ 

* Graph showing that the observed number of deaths was close to that expected according to the workers’ smoking habits, indicating that ‘exposure to ohrysotile 

does not increase lung cancer 1 . 

■ t, :.}■*- ] : ...Vi . •. ... ■ . * £.t • 

^■n . i .;Ji —-t- ■■ I,— * J . j ... \ 
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Table 2.3.6. Cohort studies on the combined effect of smoking and exposure to radon progeny in the causation 
of lung cancer 


Reference 3 

Plate of study 

Years of 
study 

Study population 

Total cases/ 
cohort 

Cases/cohort 

included 

p value 


Mixture 





Multipli¬ 

cative 

Additive 

X 

p value b 

Radford &. 

St Clair Renard 
(1984) 

Sweden 

1951-91 

Iron miners 

79/1294 

51/1415 

0.43 

0,31 

-0.3 

0.38 

Hcmung & 

Me inhank 
(1987) 

Colorado, USA 

1950-87 

Uranium miners 

329/3347 

202/2205 

0.5S 

0.04 

0.7 

0.49 

Morrison et at. 
(1988) 

Newfoundland, 

Canada 

1950—84 

Fluorspar miners 

118/2088 

25/1002 

0.53 

0.67 

-0.1 

0.85 

Samet et a!. 
(1991) 

New Mexico, 
USA 

1943-85 

Uranium miners 

69/3469 

52/2602 

0.15 

0.1 1 

0.4 

0.16 

Xuan et at. 
(1993) 

Yunnan, China 

1976-87 

Tin miners 

980/17 L43 

907/13 047 

0.02 

0.08 

-0.3 

0.39 


Adapted from Uibin et aL (1994); NRC (1988) 

8 Most recent reference in 1 994 
Refers to fit of mixture model versus full model. 
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Table 23.7. Case-control studies on the combined effect of smoking and radon 
eiposure at home in the causation of lung cancer 


f Reference 

j 

Study location 
Years of study 

No. of cases: 
Never-smoker/total 

Findings 

i Axelson a at. 

(1988) 

Sweden 

1960-81 

15/177 

Increased risk for non- and occasions) 
smokers vs. regular smokers in nun) 
areas 

! Svenssooctu/, 

(1989) 

Sweden 

1923-85 

35/210 

Greater risk for smokers than never- 
smokers 

j Blot etd (1990) 

i 

China 

1985-87 

123/308 

Nonsignificantly greater risk in 
smokers (p~ 0.15) 

Schoenberg et al 
(1990) 

USA 

1982-83 

61/433 

Exposure response strongest in light 
smokers; inverse in heaviest smokers 

Ruosteenoja (1991) 

Finland 

1980-S5 

4/238 

No pattern observed when heavier 
smokers compared with light smokers 

Petslia^cu ai 
(1994) 

Sweden 

1980-84 

178/1360 

Higher excess relative risk in current 
smokers than in never-smokers. 

Additivity rejected by data =0.02) 

Darby el at. (1998) 

UK 

1988-93 

26/982 

No evidence for heterogeneity of 
excess relative risk 

Pisa et al. (2001) 

Italy 

1981-93 

14/138 

Interaction described as multiplicative, 
but analyses of interaction not 

significant 

Wang eld (2002) 

China 

1994-98 

765/2009 

No evidence for heterogeneity of 

excess relative risk . — 


Adapted from NRC(1988) 
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>. Shidl« with Informutfan on of smoking and alcohol In the -c 

Piece, year Study population Re tin i cion of Alcohol categories 

tobacccwilcohol 
exposure 


atlon of cancer at various sites 


Oral cavity 

Oioi & 
Kahyo 
(1991) 


Seoul, Republic 
of Korea, 
1986-89 


S eh It ciii 
eta( (1999) 


Alcohol (soju) in 
midday: 

Light: <81011 
Medium: 8100- 

i d 200 

Heavy: > 16 200 


Alcohol: lifetime 
consumption 


Cas«: 113 men, 44 
women (oral cavity) 
Controls: 339 men. 
132 women: hospital 
controls, matched cm 


Ca««s: 111 cases 
(tongue) 

Controls: 111 
hospital controls, 
matched by age and 


Cases: 373 incident 
cases (oral cavity) 
Controls: 746 
hospital controls, 
matched on hospital, 
trimester of 


Denmark, 1980- Cases: 32 incident Tobacco: g of 

52 cases (hypopharynx) tobacco/week 

Controls: 1141 
population controls, 
matched on sex. 

residence and age 


Non-drinker 

Nons motor 

1.0 

-SlrAlificd analysis; OP_s extrapolated 


5 l pack/day 

0.5 

from figure [no formal test for 


> I pack/day 

1 

interaction] 

Light drinker 

Nons moker 

0.1 



S 1 pack/day 

0.5 



> 1 pack/day 

1-1 


Medium drinker 

Nonsmoker 

1.5 



S 1 pack/day 

l.S 



> t pack/day 

IS 


Heavy drinker 

Nonstmiker 

1 



£ 1 pack/day 

2 



I pack/day 

S.04 


Never-drinkrr 

Nona moker 

1.0 

Logistic regression model; risk 


£ 20 pack-years 

1.2 

estimates adjusted for education 


> 20 pack-years 

7.6* 

level. 

£255 kg 

Nonsmoker 

1.9 

*p < o.os 


£ 20 pack-years 

1.(5 

[No formal teat for interaction] 


> 20 pack-years 

23.3* 


>2SS kg 

Nous maker 

2.4 



£ 20 pack—years 

3.0 



■> 20 pack-years 

4.1 


0-10 kg 

0-5 pack-years 

JO 

Logistic regression modal that 


6—42 pack—years 

2.9 (1.2-6.8). 

included an interaction term; risk 


> 42 pack—ye^rs 

7.8 <2.9-2 t.O) 

estimates adjusted for race, beverage 

11—530 kg 

0-5 pack—years 

1 .2 <0.4-3.4) 

lernpsralure, religion, wood slow use 


6—42 pack- years 

6.2 (2.7-14 |) 

and consumption of spicy funds; nu 


> 42 pack-years 

11.2 (4.B-26-3) 

statistical evidence for effect 

» 530 kg 

0-5 pack-years 

2.3 (0.6-9.1) 

modification (p not Stated] 


6-42 pack—years 

19.5 (2.6-147) 



>42 pack-years 

20.3 (9.0-45.3) 


* 150 g/week 

< 10 g/sveck 

1.0 

Stratified analysis [no formal test for 


2 10 g'wwk 

3-0(1.3-6.9) 

interaction] 

a )50 sAveek 

< 10 B'wak 

1.7 (O.S-5.9) 

{ 


:» IO g/week 

5.2(2,0-13,6) 

1 


3006392459 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.9 (contd) 

Reference Place, year Study population 


Choi & 
KahyO 

(1991) 


Seoul. Republic Cases: 133 men, 19 

Of Korea, 1986- women (pharynx) 

89 Control*: 399 men, 

57 women; hospital 
controls, matched on 
auc, sex and 
admission date 


Schlecht Brnz.il, Cases: 217 incident 

et at. (1999) 1986-89 cases (pharynx) 

Controls: 434 

hospital controls, 
matched on hospital, 
trimester of 
admission, age and 
Bex 


Definition of Alcohol categories 

Tobacco/Alcohol 

exp oaure 


Alcohol (soju) in Nondrinkcr 

ntL/day: 

Light; < *100 

Medium: E 100- Light drinker 

16 200 

Heavy: > 16 200 

Medium drinker 


Heavy drinker 


Alcohol; lifetime O-lOkg 

consumption 

I 1-530 kg 


> 530 kg 


Smoking categories Relative risk 

(95% Cl) 


Nonsmoker 

1.0 

■& 1 pack/day 

O.B 

> l pack/day 

1.0 

Nonsmoker 

1.1 

i 1 pack/day 

0.9 

> 1 pack'd ay 

1.3 

Nonsmoker 

1.0 

£ 1 pack/day 

I.S 

> 1 pack/day 

12. 

Non smoker 

1.0 

£ 1 pack/day 

2.0 

s» 1 pack/day 

6.7 

0-5 pack-years 

1.0 

6-42 pack-years 

2.4 (0.2-24.0) 

> 42 pack-years 

69.4 (6.9-694) 

0-5 pack-years 

6.2 CO .7-5 6.6) 

6—42 park—vears 

21.7 (2.6—ISO) 

> 42 pack—years 

43 0(4.9-340) 

0—3 pack—years 

22.3 (2.1-238) 

6—42 pack-yca is 

66.3 (1.7-2556) 

> 42 pack—years 

77.3 (9.2-625) 


Comments 


Stratified analysis; ORs extrapolated 
from figure [no formal test for 
ttucractian\ 


Logistic regression model that 
included an interaction term; risk 
estimates were adjusted for race. 

beverage temperature, religion, wood 

stove use and consumption of spicy 
funds; interaction term statistically 
significant (j> — 0-007) 



. Table 2.3.9 (contd) 


Place, year Study population Definition of Alcohol categories Smoking Categories Relative risk 

lobneccVatcofiol (95% Cl) 

__ exposure 


Oesophagus 

Cate—control studies 


Franccschi 

Northern Italy, 

Cases: 288 men. 

Tt>t>acco\ 

35 drinks/week 

Nan smoker 

1.0 

1 1 

etal (1990) 

1986-89 

< 75 years old 

Light: ex-smoker who 


Light smoker 



Controls-, men 

quit z 10 years ago or 


Moderate smoker 

2.7 



-S 75 years old. 

smoker of 1-14 cigs/ 


Heavy smoker 

6.4 




day lbr< 30 years 

35-59 drinks/week 

Non smoker 

0.8 



hospitals far acute 

Moderate: 30-39 


Light smoker 

7.9 



illness 

years durst inn 


Moderate smoker 

8.8 




regardless of amount, 


Heavy smoker 

1 t.o 




15-24 cigj/day 

2 60 drinks/wcek 

Nonsmoker 

7.9 




regardless of dura- 


Light smoker 

9.4 




lion, 1-24 cigB/day 


Moderate smoker 

16.7 




for 2 40 yrs, Or 
k 15 cigs/day for 
< 30 yrs 


Heavy smoker 

17.5 





Heavy: S 25 cigs/day 
for => 40 yrt 







AUvhoh 

1 drink ■“ 150 mL 







wine - 330 mL beer 







= 30 mL spirits 




BanSn et at. 

Italy. 

Cases: 271 men 

Tobacco: 

< 35 drinks/wcek 

Nonsmoker 

1.0 

(1993) 

1999-91 

Controls: 1754 men. 

Light: ex-smoker who 


Li gltl imukri 

2.1 



hospital controls, 

quit > 10 years ago or 


Moderate smoker 

4.4 



matched on age at id 

smokers of I-14 cigs/ 


Heavy smoker 

8.4 



area of residence 

day for< 3D years 

35—59 drinks/xveek 

Hons ranker 

2.2 




Moderate: 15-24 


Light smoker 

4.4 




cigs/day regardless of 


Moderate smoker 

9.7 




duration or 30~39 


Heavy smoker 

18.5 




years dumion 

■» 60 drinks/wcek 

Konsmokcr 

2.6 




regardless of amount. 


Light smoker 

5.5 




Of 2 15 cigs/day for 


Moderate smoker 

11.4 




<: 30 years 

Heavy: &2S cics/day 

for 2 40 years 


Heavy smoker 

21.ft 


Regression model; risk estimates 
adjusted fur age, urea of residence 
and years of education (no formal tesl 


Regression model; risk estimates 
adjusted for ere a of residence, age. 
education and profession [ho formal 
test for interaction] 


3006392460 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.9 (contd) 


Drown et 
(1994a) 


Georgia, 

Michigan, New 
Jersey, U5A, 
1986-89 


Brown et al- 
(1994b) 


Definition of 
tobacco/til to) nil 

exposure 


Cases: 37J men 

(squamous-cell 

carcinoma) (124 
while, 249 black) 
Controls. 1364 men, 
community control! 
(750 White. 614 
black) 


Georgia. 
Michigan, New 
Jersey, USA. 
1986-89 


Cases: 174 while 
men (adenocarci¬ 
noma) 

Controls: 75C men, 
community controls, 

frequency-mate h ed 


Alcohol categories 


Tobacco: 

Light: nonsmoker, 
•former smoker or 
current smoker of 
< 1 pack/dey 
Heavy; current 
smoker of £ I pack' 
day 


While men 
0-7 dnitks/waek 

6-14 drinks/wcck 

15—35 drinks/werk 

36—84 drinks-'week 

2 85 dr inks'week 

plack men 
0-7 drinks/wcck 

8-14 drinks/week 
15-35 drinks/week 
36-84 drinks'week 
£85 drinks'week 
< 8 drinks. 1 week 
2 B drink3/wcek 


Smoking categories 

Relative risk 
(95% Cl) 

Comments 



1.0 

Logistic regression model: risk 
estimates adjusted for 3ft, 



3.3(1.0-19 81 

geographic bI area and income. For 

% 

Light smoker 

l.g (0.5—6.1} 

both races, interaction between 


8.7 (2.4-32 4) 

smoking and drinking was not 

<r> 


4 6 (1,7-12.8) 

significant Ip value not provided]. 



22.1 (7.8-62 3) 

5igntfi«ml interaction (/? —0.02) 



19.7 (7.2-S3.4) 

between race and smoking/dnnking 


Heavy 6moker 

28-5 (1 0 1-90.2) 

variable 

8 

S 

Light smoker 

Heavy smoker 

29.0 17.2-116.5) 

35.4 (10 0-125.5) 


Light smokci 

1.0 


-a 

UJ 


4.5 (1,4-14.6) 




5.7 (2.0-1 5.B) 



Heavy smoker 

14.2 (4.1—49.1) 



Light smoker 

10.6(4.1-27.21 



Heavy smoker 




Light smoker 

39.5 (14.5-107.8) 


Heavy smoker 

42.1 (15.8-1 1 5-6) 



Light smoker 

31,0(9.8-98.5) 



Heavy smoker 

149.2 (39.2-567.4) 

1.0 

Unconditional logistic regression 



2.4 (1.5-3.8) 

model: risk estimates adjusted for 



2.4 (1.1-5.1) 

age. area, and income; not pottiblc lo 


& 1 pack/day 

3.8(2 2-6 4) 

distinguish statistically between 


additive, multiplicative add 
intermediate models. [No formal test 
for interaction] 










I 

,. . * ._ 4 . 

M 









mm 

Place, year 

Study population 

Definition of 
cobacc o/alcohol 
exposure 

Alcohol categories 

Smoking categories 

Relative risk 
(95% Cl) 

Comments 


La Plans. 

Gases: 131 incident 


O mL/day 

Nonsmoker 

1.0 

Logistic regression model; risk 


1 -L-! IV 

Argentina, 

cases 



l-l« oga/dny 

2.5(0.4-16.5) 

estimates adjusted for age, sex, 



1986-H? 




5 IS uigs/day 

0.7(0.1-6.5) 

hospital and education- Test for 






1-99 mL/day 

Nonsmokcr 

1.6 (0.6—4.2) 

interaction between alcohol and 




matched for age and 



1-14 cigs/day 

4.3(1.4-13.2) 

tobacco not significant (n - 0.45) 




hospital 



£ J 5 cigs/day 

3,7(1.3-11.0) 







100-199 mL/day 

Ncnamoker 

1.2 (0.1-12.0) 








1-14 cies/day 

3.7 (1.3-11.0) 








& 15 cijp/day 

11.8(3.7-37.7) 







& iO0 mL/day 

>-loTl5TT.oWr 

5.7(1.1-26.6) 








1—14 cigs/day 

5.0(0.6-39 l) 








£ IS oiga.’day 

19.0 (5.4-66.9) 


8 





S 57 L Jiguor/year 

Nonsimiker 

1.0 

Regression model chat does not 

CO 



cases 



1-30 ciga/day 

1.8 

assume multiplicative effects; 







£ 3 1 clgs/day 

4.5 

synergistic effect that accounts ftrt 



1985-1989 

hospital controls 


> 57 L liquor,'year 

Nonsmokcr 

1.0 

38% of the excess risk, [no formal lest 

o 



(non-nroplastic, non- 



1—30 ciga'day 

S.3 

far interaction]: when using data in 




oesophageal 



£ 3 l c igs/day 

7.9 

continuous Form, interaction terms in 

s; 



disease), matched on 





the regression models were not 




age, gender and area 





significant. 




of residence 







Ztmbon 

Northern Holy, 

Cases: 275 men 

Alcohol: 

0-20 drin ks/week 

Nonsmokcr 

1.0 

Logistic regression model: risk 


et al. (2000) 

1992-97 

(incident squamous- 

1 drink — 125 mL 


1-14 cigs/day 

— 

estimates adjusted for area of 




cell carcinoma) 

wine = 330 mL beer 


15-24 cigs/day 

3.3 (0.4-31.1) 

residence, age and education: risk 




Controls: 503 men. 

- 30 mL spirits 


£ 25 vig&'day 

— 

increase for the highest joint level of 






21-34 drinksAveek 

Nonsmoker 

2.1 O' '-23.5) 

alcohol drinking and current smoking 







1-14 cigs/dav 

18.9 L 2-161.8) 

compatible with a multiplicative 







15-24 ciga/day 

35 1 (4 1-288.9) 

model (departure from 







£ 25 cigs/day 

44 1 I.:.. 1 152.9) 

itiulliplicativity 0 = 0. 0-27) 



35-59 drinka/wcek 


2 60 drinks/week. 


Nonsmoker 
1—14 cigs/day 
15-24 cigs/day 
2 25 cigs/day 
Nonsmokcr 
1—14 cigs/day 
1 5-24 cigs/day 

2 23 cigB/day 


57 : I' 1-45': >.l 
66.« l/.ft-573.3) 

56 t • 2 -508 .0) 

40 , <. -355.4) 

11 ~ 11 3-0—923.1) 
130.3 (15.2-980.1) 


3006392461 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.9 (could) 


Reference 

Place, year 

Study population 

Definition of 
tobacco/a IcohoJ 
exposure 

Alcohol categories 

Smoking categories 

Relative risk 
(95% CD 

Comments 

Choi & 

Seoul. Republic 

Cases: 94 men, 6 

Alcohol Isojul in 

(Von-drinker 

Nonsmokcr 

1.0 


Katiyo 

of Korea. 

women 

mL'day: 


5 1 pack/day 

2 



1986-89 

Controls: 282 men. 

Light: <8100 


> 1 pack/day 

4 




18 women; hospital 

Medium: 8100- 

Light drinker 

Nonsmokcr 

0.5 




controls, matched on 

16 200 


5, 1 pack/day 

0.8 




ate, sex and 

Heavy: »■ 16 200 


> 1 pa ek'd jy 

1.0 




admission dare 


Medium drinker 

Nonsmokcr 

1.5 







S 1 pack’d ay 

3 







> 1 paefc’day 

2.5 






Heavy drinker 

Norcsmoker 

0.5 







5 1 pack/day 

4 







> 1 pack/day 

20.7 


Freudenheim 

New York. 

Cases; 250 incident 

Alcohol: 

£ 1243 drink-years 

5 24 pack-years 

1.0 

Logistic regression model; risk 



(white) cases 

Dunk- years - 


> 24 pack-years 

2.7 (1.4—5.2) 




Controls: 250 

drinka/manth multi- 

> 1243 dnnk-ycars 

S 24 pack-years 

0 98 (0.5-2.1) 

interaction between tobacco and 



(white) 

plied by number of 


> 24 pack-years 

5 8(3.3-10.4! 




neighbourhood 

years of drinkin g 




interaction] 



controls, matched on 








age 






Zheng cl at. 

Shanghai, 

Cases: 201 incident 

Alcohol 

Men 






eases 

lifetime consumption 

Nun-drinker 

0-9 pock-years 

1.0 

adjusted forage and education [no 



Controls: 4 1 4 



10-29 pack—years 

3.1 (|. 1-8.7) 

formal test for interaction] 



community controls. 



i 30 pack-years 

35-7(13 6-93.9) 




frequen cy- matched 


< 300 kg 

0—9 pack—years 

).0 (0.2—S.5) 




on sex and age 



10-29 pack-years 

3.8 (1.1—12-1) 







£ 30 pack-years 

12.1 (3.8-38.6) 






300-899 kg 

0-9 pack-years 

7.5 (1.4-38.8) 







10 29 pock-years 

3.7 (1.1-12.0) 







-; 30 pock-years 

23.2 (8.3—65.0) 






h 900kg 

0—9 pack—years 

2 * ro r -tr» «*} 







10-29 pack-years 

7 4 ; J .•>—"2.UJ 







e 30 pack—years 

2.* . ' ' >-70.0) 



“ - - 

■ • ; i ; 

—. .. ■ m i l*. -*■ aa 


Table 2.3.9 (contd) 


Reference Place, year 


Banin etc}. Italy, 

(1993) 1989-91 


Dosetneci Turkey, 1979- 

errr/. (1997) 84 


Study population 


Cases: 224 men 
Controls: 1754 men, 
hospital controls, 
matched on age and 
residence 


Cases: 332 men 
Controls: 829 men, 
hospital Controls 
wild selected cancers 


Definition of 

tobteco/rlcahol 

exposure 


Tobacco: 

Light; ex-smoker who 
quit 2 10 years ago or 
smokers of 1-14 cigs/ 
day for < 30 yenns 
Moderate: 15—24 
cigs/day regardless of 
duration or 30-39 
years duration 
regardless of amount, 
or2 IS clgs/day far 
■e 30 years 

Heavy: 2 25 cigs/day 
fat a 40 yenre 


Alcohol categories 

< 35 drinkiAvDek 

35-59 drinks/week 

2 60 drinks/week 

Ncvee-dr inker 
I —20 drink—years 


Schlccht brazil, 

etai. (1999) 1986-89 


Cases: 194 incident Alcohol: lifetime 

cases consumption 

Controls: 3B8 

hospital controls, 

matched on hospital, 

trimester of 

admission, sge and 


0-10 kg 

I 1-530 kg 
> 530 kg 


Smoking categories Relative risk 

(95% cr> 


Notumokd 
Light smoker 
Moderate smoker 
Heavy smoker 

Non smoker 
Light smoker 
Moderate smoker 

Heavy smoker 

Ncnsmoker 
Light smoker 
Moderate smoker 
Heavy smoker 


Nonsmokcr 
1-20 cigs/day 
21 cig&Alay 

Nonsirioker 
1 —20 ciga/day 
£ 21 cigs/ilfly 
Nonsmoker 
1-20 ciga/day 
i21 cigs/day 

0-5 pack—years 
6-42 pack-years 

> 42 pack-years 
0-5 pack—years 
6-42 pack-years 

> 42 pack—years 
0-5 pack-years 
6-42 puck-years 
>42 pack-years 


1.0 

I. 3 

5.2 

II. 2 

1.3 

1.7 

6.8 
14.6 
L.9 
2.5 

9,9 

21.3 


1.0 

3,0 (2.2-4,l) 

6.2 (3.9-9.9) 

5.6 (3.2-9.8) 
6.0 (2.5-14.3)- 


5.2 (1.9-1 5.1 ) 

12.2 (3.1-57.6) 


13.5 (2.7—66.8) 
11.4 (2.1-62.0) 
1.2 (0.1-14.4) 

16.1 (3.4—76,2) 
22 0 (4.5-107) 

5.5 (0.4-71.3) 
36.9 (0.7-JB00) 

43.1 (9 1-208) 


Comments 


Regression model; risk estimates 
adjusted for area of residence, Bgc. 
education and profession [no formal 
test for interaction) 


Stratified analysis; risk estimates also 
provided for glottis, supraglottis and 
other sites [no formal test for 
interaction] 


Logistic regression model that 
included an interaction icfni; ri*k 
estimates adjusted for race, beverage 
temperature, religion, wood stove use 

and consumption of spicy foods. No 

statistical evidence for effect 
modification (p = 0.945) 


£ 


<C> 


3006392465 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 23.9 (contd) 

Reference Place, year 


Ktudy population 


Mashbeig 

el al. (W31 


New Jersey. Cases: 359 [men] 

USA, cavity- 

1972-83 oropharynx) 

Control 2230 
[men], hospital 
controls 


Definition of Alcohol categories 

tobacc 0 |, al cohoi 

exposure ______ 

Aicoh.M: 0-1 WE/day 

I whisky equivalent 
(WE) ■=■ 10.24 g. 
ethanol 

2-5 WE/day 


6-10 WE/day 


*32 WE/day 


Smoking categories Relative risk 

(95Vo Cl) 


Comments 


0-5 ciga/day 
6-15 cigs/day 
16-25 ci^s/day 
26—35 cigs/day 
2: 36 cigs/day 
0-3 cigs/day 
6-15 cigi/d&y 
16-25 cigs/day 
26-35 cigs/day 
2 36 tigs;day 
0-5 cigs/day 
6-15 cigs/dny 
16-25 cigs/day 
26-35 cigs/day 
a 36 cigs/day 
0-5 cigs/day 
6-15 cigs/day 
16-25 cigs/day 
26-35 cigs/day 
2 36 cigs/day 
0-S cigs/day 
6-1 5 cigs/day 
16-25 cigs/day 
26-35 cigs/day 

2 36 cigs/day 


3.2 
2-7 
24.2* 
29.7* 

5.3 
10.2* 
11.9 
50.9* 
28.9' 
61.9* 
26.8* 
12.5* 
30.9* 
44.8* 
79.5* 
9B.4* 
8.3 
27. S* 
A1.7* 
70.3* 
32.0' 


Logistic regression model*, risk 
estimate* odjuated far *S«i results 
suggest multiplicative interaction [no 
formal teat fot interaction) 

•p < 0.05 



Table 23.9 (contd) 

- Reference Place, year Study population Definition of 

tobacco/ alcoha I 
exposure 

Cases: 1097 men, 

463 women, incident 
cases (oral cavity, 
pharynx) 

Controls: 2075 men, 

873 women; hospital 
controls 


Kabul el at. 8 cities in the 

(1994) USA. 

* 1977-90 


|l II Mill 




Alcohol categories Smoking categories Relative risk Comments 

(95% Cl) 


Men 



Logistic regression model; risk 


Non drinker 

Nonsmoker 

1.0 

animates adjusted for age. yefiMdf 



Former Smoker 

1.1 {0.7-1.6) 

schooling, race, time period and type 



1—20 cigi'dav 

l * : -• '•*-*.$) 

of hospital 



21—30 cigs/day 

- - • 1 '^*-3) 




£ 31 cigs/day 

.* n 11 i • *i 



1-3.9 os»'day 

Nonsmoker 

1 t. *>-2 i t 




Former smoker 

I'll 1-2 >.( 




1-20 cig&'day 

21—30 cigVday 

1- >■ 13.0-12. /) 




2 3 1 cigs/day 

6.9 M 0-12.4) 


f") 

4—6.9 oz/day 

Nonsmokci 

t :ii«4.\t> 


00 


Former smoker 

■’ i 11 •)- ’'.2) 




1—20 cigs/day 

' •• i . .5-10.0) 




21—30 cigs/day 

1 ' : i •' 33.8) 




> 3 1 cigs/day 

18.8 (10.0-35.4) 


on 

S 

2: 7 oa/day 

Noiuilluktr 

2.9(1.1-8.1) 



former smoker 

5.1 (3.3-7.8J 



1—20 Cigs/day 

11.9 (7.7-18.4) 

Tesi for interaction.' chi-squared with 

s 


21-30 cigs/day 

1 3.5 (7.9-23.2) 

12 degrees of freedom - 24.6. 


£ 31 cigs/day 

20.1 <12.9-31.5) 

p - 0.02 

Werrnvn 

Nt/ndnnker 

Nonsmoker 

1.0 




Former smoker 

1.3 (0.9-2.0) 




1—20 cigs/day • 

2.9(1.9-4.3) 




& 21 cigs'day 

3.8 <2.3-6.2) 



1-3.9 oz/day 

NOrtirtiokcT 

0.7 (0.3-1.4) 




Former smoker 

2.1 (1.2-3.8) 




1-20 cigs'dsy 

5.6 (3.5-9.6) 




£ 21 cigs/day 

22.3 (9.6-5i.B> 



& 4 nstAny 

Nonsmoker 

3.5 (0.9-13.4) 




Former smoker 

2,7 (0.95-7.9) 




1 20 cip/d&y 

17.6(8.1-37.5) 

Test for interaction: chi-squared with 



£ 21 Cigs/day 

26.7 <12.3-58.6) 

6 degrees of freedom = 18.7, 



p - 0.005 


3006392467 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.9 (contd) 


Definition of 

tobacco/alcohol 

exposure 


Alcohol ealegnni 


Smoking categories 


Andf6 ei al. Daubs region, 

(1995) France. 

1986-89 


Muscat e 
<1996? 


Michigan, 

Pennsylvao 

19BI—90 


Case#: 299 men 2 35 
years old (oral 
cavity, oropharynx 
and larynx) 

Controls: 645 men. 
population controls 
2 35 years old 


Cases: 697 men. 322 

women (oral 

neoplasia) 

Controls: 619 men. 
304 women, hospital 
control], matched on 
gender, age, race 
and date of 

admisssion 


Tobacco: 
g of tobacco/day 


0—40 g/day 
41-100 g/day 
> 1 DO g/day 


Occasional drinker 


0-7 g/day 
8-19 g/day 
2 20 ft’day 
0-7 S'day 
8-19 g/d ay 
2 20 g/day 
0-7 g/day 
8 - 1 9 g/day 
2 20 g/day 


7.1 (1.9-26.1) 
10,9(2.9 40.8) 
4.9 (1.3-18.2) 

25.3 (7.7—82.V) 

42.3 (13.1-140) 
62 (12.2-316) 

194 (49.4-760) 
199(36.3-699) 


Occasional drink* 


1—4 drinks/d ay 


< 1.4 kg 

0.7(0.3-1.11 

1.4-3.5 kg 

0.3 (0.1- 1 1) 

> 3.5-6.8 kg 

1.0 10.5-- 6) 

> 6.B kg 

l.o (0.4-: m 

< 1.6kg 

0.9 (0.3-:' ■ 

1.4-3.5 kg 

0 : ./-' SI 

>3.3-6.8kg 

1 - : 4 it’ 

>6.8 kg 

I .<- > 11 

< ) -4 kg 

1 r. ■ 1) 

1.4—3.S kg 

l : 7 ; 2) 

> 3.5—6.8 kg 

I.M-.S ’8) 

> 6.8 kg 

2.5 (1. l--'.2) 

< 1.4 kg 

2.1 v',. / : 9) 

1.4—3.5 kg 

2.7(1.1-6.6) 

> 3.5—6.8 kg 

4.7 (2.0-11.3) 

> 6.8 kg 

6.1 (36-14.4) 

< 1.4 kg 

1.2 (0.6-2 4) 

1.4-3.5 kg 

3.0 (1.3-7.0) 

>3.5-6 8 kg 

2.0 (1.0-4.0) 

> 6.8 kg 

2-4 (0.8-6.9) 

. < 1.4 kg 

|.4 <0.5—4.3) 

1.4—3.$ kg 

1.2 (0.4—3.6) 


l ogistic regression model; risk 
estimates adjusted forage and 
environment [no format test for 
interaction) 


Reference category was never- 

smokers for all drinking categories. 
Logistic regression model; estimates 
adjusted for age and education; 
further modelling of data revealed a 
significant interaction between 
smoking end alcohol consumption for 
both men and women. [No formal 
test for interaction presented] 


>3.5-6.8 kg 
>6.6 kg 
< 1.4 kg 
1.4-3.5 kg 
_>3.S-6.8 kg 
> 6.B kg 
* • 1.4 kg 
". 1.4-3.5 kor 
Jt» 3-S-e.a *s 

iZL 


16.7 (1.8-152.6) 
5.9(1.7-20.5) 

9 5(2.8-32.0) 
14.0(4.1-4* 5> 
If. n 14.0-8/• .-,i 
r't-2 T .‘-i 


4.3 i 


116 A 


■ J .1 , 


Table 2J.9 (oantd) 



Reference 

Place, veer 

Study papulation 

Definition of 

Alcobnl categories 

Smoking Categories 


Commenta 




Tobacco/alcohor 

exposure 


(95V. Cl) 



Le win et al 

Sweden. 1988- 

Cases: 603 men 


< 10 g/day 

NonsmoVer 

1.0 

Logistic regression model, risk 



(squamous-cell 



Former smoker 

2.4 (1.4—4. |) 

estimates adjusted for age and health 



carcinoma of the 



Current smoker 

6.3 C3.7-10.5) 

care area; joint effect of high alcohol 



head and neck) 


10-19 g/day 

Nonsmokcr 

1.2 (0.5-3.1) 

intake and current smoking is nearly 



Controls: 756 men. 



Former smoker 

2.2 <1.2-4.1) 

multiplicative. [No formal test for 



population controls 



Current smoker 

10.4 (5.9-18.3) 

interaction) 





2 20 g'dav 

Nonsmokcr 

4.2 (l 8-9.7) 






Former Smoker 

5.4 (2.8-10 2) 







Current smoker 

22.1 (13.0-37.8) 


Cohort tttudy 

Chyon et a! 

Hawaii. USA 

American Men of 


Non-drinker 

Noasmokei- 

1.0 


(1995) 

1965-68 

Japanese Ancestry 



S 20 cigs/day 

3.0 (0.8-1 1.3) 

model; risk estimates adjusted for 



Study (see Section 



> 20 Cigs/day 

3.2 (0.8-13.4) 

age; none of the tests for interaction 



2.1.1) 


< 14 ozymonth 

Nunsmoker 

1.3 (0.3-6.3) 

were statistically significant 



92 incident cases of 



S 20 cigs/day 

t.9 (0.5-7.7) 

(p > 0.05). 



canc er of the upper 



> 29 cigs/day 

4.6(1,2-17.8) 




anrodigescive tract 


it 14 uz/manlh 

Nommoker 

6.5 (1.7-26.0) 







s 20 ciga/day 

10.7(3.2-35.4) 







> 20 cig&'day 

DurafTflH 

14.4 (4.4—47.4) 






Non-drinker 

NonsraoVer 

1.0 







< 30 years 

2.0 (0 4-8.8) 







a 30 years 

4.2 (1.1-15.5) 






< 1 4 mr/month 

Norumot«r 

1.3 (0.3—6.3) 







<■ 30 years 

2.4 (0.6-9.7) 







> 30 years 

3.3 (0.9-12.6) 






2 14 ciz/jnotilb 

Nonsmoker 

6.S (1.6-25.9) 







< 30 years 

9.2 (2.7-31.9) 







i. 30 years 

14.2 (4.4--W.3) 


Liver 








Austin et al. 

Alabama. 

Cases: S5 cases 


HBsAg-negative subjeatr.. 





Florida, 

Control*: 159 


Nondrmket 

Nonsmoker 

1.0 

information not provided art HBsAg- 


Massachusetts. 

hospital controls. 



Former smoker 

L.O 



North Carolina, 

matched on gender. 



Current smoker 

1.1 

not statistically significant (/a “O.SOJ 


Pennsylvania. 

age and race 


Occasional drinker 

Nonsmokcr 

1.3 


USA 




Former smoker 

1.6 







Current smoker 

4.7 






Regular drinker 

Nonsmotcr 

3.2 







Former smoker 

1.0 







Current smoker 

3.4 



o 

c5 

O 


3006392468 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.10. Studies on interaction of smoking and hepatitis B in the causation of cancer of the liver 


Reference 

Place, year 

Study population 

HBsAg categories 

Trichopoulos 
etal. (1987) 

Athens, 

Greece, 

1976-84 

Cases: 194 incident 
hepa t ocel lui ar 
carcinoma cases 
Controls: 456 hospital 
controls 

HBsAg- subjects 




HBsAg+ subjects 

Chen, et al. 
(1991) 

China, 
Province of 
Taiwan, 
1985-87 

Cases: 200 incident 
cases (men) 

Controls: 200 
population controls 

HBsAg—, HBeAg— 


Smoking categories 

Relative risk 

Comments 

Nonsmoker 

1.0 

Logistic regression model; 

Former smoker 

2.8 

risk estimates adjusted for 

1—9 cigs/day 

0.8 

age, sex, and alcohol 

10-19 Cigs/day 

2.0 

consumption, [nonsmokets 

20—29 cigs/day 

2.4 

used as reference group for 

£ 30 cigs/day 

7.3 

both HBsAg subgroups] 

Nonsmoker 

1.0 


Former smoker 

1.3 


1—9 cigs/day 

1.2 


10—J9 cigs/day 

2.2 


20—29 cigs/day 

1.2 


> 30 cigs/day 

2.0 


Nonsmoker 

1.0 

Stratified analysis [no 

1—10 cigs/day 

1.2 

formal test for interaction] 

11-20 cigs/day 

2.0 


> 20 cigs/day 

2.4 



HBsAg+, HReAg— Nonsmoker 

1 —10 cigs/day 
11—20 cigs/day 

> 20 cigs/day 

HBsAg+, HBeAg+ Nonsmoker 

I- 10 cigs/day 

II— 20 cigs/day 

> 20 cigs/day 


15.1 

13.6 

44.6 

68.1 

27.8 

107.0 

206.9 

197.6 



■ ft ■ ' ' ' ' *■ .—- . Siirn | . .Y .. fel : ■' ■ ■■>& i " , J f . r , , _frihi *l m uJlMfcteA 


Table 2 . 3 . 1 1. Studies on interaction of human papillomavirus (HPV) and smoking in the causation of cancer of the cervix 


Reference 


Ba?« el ah 
(1991) 


Ylitalo 
etal. <1999) 


Kjell berg 
ctal. (2000) 


Study 

Place, year 

Study population 

HPV exposure 

Smoking categories 

Relative risk 

type 





(95% Cl) 

Cross- 

New York, 

75 women referred 



Cases vs nnn-cases 

sectional 

USA 

to a colposcopy 



<%) 

study 


clinic for abnormal 


Smoker 

53.5 vs 36.7 



Pap smear 


HPV-positive 

66.7 ur S3.3 

Nested 

Uppsala 

Cohort: - 281 0O0 

HPV 16/18 DNA 

Nonsmoker 

1.0 

case- 

County. 

women 

negative before 

Former smoker 

1.5 (D.7—3-4) 

control 

Sweden, 

Cases: 422 patients 

diagnosis 

Current smoker 

1.8 (0.9—3.6) 

(see Table 

1965-95 

diagnosed with 

(n= 138) 

1—9 years of smoking 

1.5 (0.7-3.4) 

2 .1.10.6) 


cervical carcinoma 


l O— ] 9 of smoking 

1.7 (0.8—3.5} 



in situ 


> 20 of smoking 

2.0 (0.7—5.9) 



Controls: 422 


0.15—3.95 pack—years 

1.4 (0.7—2.9) 



controls, matched 


4.00-7.95 pack-years 

2.7 (l .2-6,4) 



on date of entry 


2 8.00 pack-years 

1.6 (0.7-3 5) 



into cohort and 
birth year 

HPV 16/18 DNA 
positive before 

Nonsmoker 

Former smoker 

1.0 

2.1 (1.04—1 ) 




diagnosis 

Current smoker 

2.3 (1.3—J..' 




(n => 178) 

] -9 years of smoking 

2.3 (l.i-s.:. 





10—19 years of smoking 

2.5 (l j-;.' 





£ 20 years of smoking 

1.8 (0.8—4 i 1 





0.15-3.95 pack—years 

2.3 (1.1-4.8) 





4.00—7.9S pack—years 

3.4 (1.6-7.3) 





^ 8.00 pack—yeare 

1.6 (0.8-3.2) 

Case- 

Northern 

Cases: 137 women 

HPV Ab- 

Never-smoker 

1.0 

control 

Sweden, 

with high grade 


Ever-smoker 

5.6 (2.5-10.9) 


1993-95 

C1N 

Controls: 253 

HPV Ab+ 

Never-smoker 

5.2 (2.5-10.9) 



healthy population- 


Ever-smoker 

10.5 (5.0-22.4) 


controls, matched 
on age 


Comments 


Difference not statistically 
significant. Discrepancies 
between text and table for 
percentage of HPV-positive 
women among non-cases 
Logistic regression models. 
Risk, estimates adjusted for 
education, marital status, 
oral contraceptive use, age 
at sexual debut, number of 
sexual partners, age at 
menarche and parity. [No 
formal test for interaction] 


Risk, estimates adjusted for 
age [although matched on 
age]. No evidence of 
interaction. [No numbers 
provided] 


VO 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.3.11 (could) 


Reference Study 
type 


Hildesherm Cross¬ 
ed al. (2001) sectional 


Place, year Study population HPV exposure Smoking categories 


Costa Rica, 
1993-94 


Population: 989 
HPV positive 
women 

Cases: 3 46 pre¬ 
valent high-grade 
squamous 
intraepithelial 
lesions or cervical 
cancer 

Controls: women 
with or without low 
grade squamous 
intraepithelial 
lesions 


All HPV positive 


High risk HPV 
types (16, 18, 31, 
33,35,39.45, 
51, 52. 56, 58, 
59, 68) 


Never-smoker 
Former smoker 
Current smoker 
<10 years smoking 

>10 years smoking 
1-5 cigs/day 
£ 6 cigs/day 

Never-smokw 
Former smoker 
Current smoker 
**= 10 years smoking 
& 10 years smoking 
1-5 cigs/day 
£ 6 cigs/day 


Relative risk Comments 

(95% Cl) 


1.0 

2.4 (1.2-5.1) 

2.3 (13-4.3) 
2.6(1.2—53) 
2.2<l.2-4.2) 

2.3 <13-3.9) 

2.7(1.1-6.7) 

p for trend - 0.0007 

1.0 

1.7 (0.8—4.0) 

2.3 (12-4.3) 

2.2 (1.0-4.8) 

2.0(1.0-3.8) 

1.8 (0.99-3.3) 

3.1 (2.2—7.9) 

p for trend = 0.003 


Logistic regression model. 

Risk, estimates for overall 

analysis adjusted for age, 
HPV type, number of 

pregnancies and number of 

cigaTettes/day. Risk 
estimates Tor high-risk 
analysis adjusted for age. 
number of pregnancies and 
number of cigarettes/day. 

NO association was found 
between smoking habit of 
husband/live-in partner and 
High-grade squamous 
intraepithelial lesion s/cancer. 
among nonsmoking women. 
HPV testing-for 44 different 
HPV types. 



Table 2.3.12. Studies On the combined effect of tobacco smoking and silica exposure in the causation of lung cancer 


Reference Study design Country, Source population No. creases Smoking cate- Silica exposure 
years of and controls gories (highesi 

study lowest 

exposure) 


Relative risk Inter- Comments 


Non- Smoker 

smoker 


Forastlcre 
eial. {\ 986) 

Retrospective 
CSS c—control 

Italy, 

1968-84 

Male residents in 
region with pottery 
industry 

72 deaths, 

314 controls 

Cigarettes per 
day 

0; 1 -20; > 20 

Ceramic workers 
without silicosis ' 
with silicosis 

1.5 

0 

4.1 

1.8 

M 

(>M) 

Deceased cases and controls: al) 
tiiicolics were Ceramic wurken. 

Mast ran gel 
a et al. 

Cl 988) 

Case—control 

Italy. 

197B-80 

Workers in 
quarrying and 
tunnelling 

309 cases, 

309 controls 

Nonsmokcr 

Ever-Smoker 

No silicosis 

Silicosis 

1.3 

5.3 

0.9 

1.7 

-A 

-A 

Unadjusted analysis 

Hesse 1 et at. 
(1990) 

Case—control 

South 

Africa, 

1975-79 

Miners, mainly in 

gold mines, with 

silicosi* 

231 dealhs. 

1 IS controls 

Cigarettes per 

day 

0; 1-10; 1 3-20; 

1» 21 

Hilar gland silicosis 
Parenchymal silicons 

11 

1.6 

0.8 

0.9 

A) 

FAJ 

Unmatched odds ratios 

Siemiatycki 
Ctat. (19901 

Case-control 

Canada. 

1979-85 

Male residents of 
Montreal, aged 

35—70 years 

479 cases, 

875 controls 

Pack-years 

0; 1—< 30; 
30-<:«0;fc60 

Substantial 

2.6 

I.S 

1 

Adenocarcinoma excluded; 
Silica exposure estimated from 
job titles; adjusted Ibr age. 
socio-economic si alus, job 
hi story, cduc Biion, marital 
status and asbestos exposure 

Chiyalani 
«„/.<! 990) 

Cohort 

Japan, 

1979-33 

3335 patients with 
pneumoconiosis 
qualify ing for 
workmen's 
compensation 

(58W si Hectics) 

60 deaths 

Nonsraokcr 
Former smoker 
Current smoker 

Fncum oconi os is 

1.8 

6.1 

(>M> 


Amandus & 

Cwtcho 

(1991) 

Cohort 

USA, 

19J9-75 

9912 metal 
miners; white 
males 

<32 dealhs 

Nonsmoker 
Former smoker 

Current smoker 

Silicosis 

Silicosis in low redo" 
mines 

2.2 

5.1 

1.3 

1.7 

- A 
(-A) 

Adjusted for age; “interaction 
between silicosis and cigarette 
smoking hapus not a 
statistically significant factor 
related to lung mortality* 

Hnizdo & 
Sluis- 
Crcmer 
(1991) 

Cohort 

South 

Africa, 

D968-S6 

2132 white gold 
miners with 

Silicosis, aged 

45-54 yean 

77 deaths 

Pack-years 

2 26 vs 5 25 

> 31 V4 £ 30 dust 
particle-years 

1.4 

1.9 


'Combined effect of dust and 
smoking is more than additive.' 


VO 

O 
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. ;■ Although the evidence for the carcinogenicity nf tobacco smoke emerged first in 

humans, there was a need for an inhalation model in experimental animals in which the 
carcinogenicity of different types of tobacco and tobacco products could be studied. The 
availability of animal models also permits the investigation of various modifying factors 
in the development of cancer. 

Early inhalation studies in rodents were reviewed by Wynder and Hoffinann (1967). 
From about 1960 onwards, the species of animal selected most often for carcinogenicity 
studies was the Syrian golden hamster, which has a low background incidence rate for 
spontaneous pulmonary tumours and is prone to few interfering rcspiratoiy infections. 
Hie discovery that inhalation of tobacco smoke caused carcinomas in the larynx of 
hamsters enabled the establishment of a model system in which the carcinogenicity of 
tobacco smoke for hamsters has been repeatedly confirmed (see below). Many bioassays 
have also been conducted in mice and rats and the results are summarized below. 

To enable the responses of animals to tobacco smoke inhalation to be studied, it was 
necessary to develop methods and equipment to deliver smoke in a standardized, effective 
way. A number of devices have been employed, some involving whole-body exposure and 
some ‘nose-only’ exposure. Usually, in order to simulate human smoking patterns, a 2-s 
puff from a burning cigarette is diluted with air and forced into a chamber for a short 
period, followed by an air purge. However, animals that are being forced involuntarily to 
inhale the smoke suffer avoidance reactions and change their breathing patterns to 
shallow, hesitant inspirations with reduced minute volumes. This behaviour affects the 
doses delivered to the different parts of the respiratory system. Because rodents are obli¬ 
gatory nose-breathers and because rodents and dogs have more convoluted and intricate 
nasal turbinate patterns than humans, the dynamics of particle deposition in the upper 
respiratory tract might he expected to he different (see Wynder & Hoffmann, 1967; 
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Table 3.1. Selected studies of carcinogenicity in response to exposure to main stream tobacco smoke in mouse, rat and hamster 

Strain Sex No. of Ro 


C57BL 


C37BL 

BLH 


NO 

KG 


Type of exp osure 


animals.' 1 

group 


300 

C2x> 

ICO 

(2x) 

100 


Nu.se- 


Wholc- 


Whoie- 

bocy 


Nose- 


Concentration of Exposure duration 
exposure agent 


Lung burden Tumour 


Mixnure of flesh 
non- fi Iter c igare tte 
smoke/air (1/3$, 
v/v) 

Gas phase of 12 
cigarettes puffed. 

2 ami in 

Who le fresb 
cigarette smoke 


Gw phase of fresh 
cigarette smoke 


Mixture of fresh 
(lut-cured or air 
cured cigarette 
smoke/air [ I >3 9, 
v/v) 

Gas phase of flue- 
cured cigarette 
smoke 


Nicotine.o. ] 

12 mm'day. 

Nicotine, 

4/100 (alveologenic AdC) \p “ 0.06], 

Harris & Negroni 


itig/mL; CO, 
0,064% ( v/v) 

lifetime 

14-17 pg 

0/1 00 (controls) 

4/100 (atvcologenic AdC) [p *» 0.06], 

(1967) 

PS 

O 




0/100 (controls) 


2 

NG 

9Q min/day, 

NG 

7/126 (lung A) [NS], 3/90 (controls) 

Otto A 

o 

■y* 

NO 

lifetime ("27 mo) 

NG 

40/126 (lurig Al [NS], 19/60 

Elmcnhorst 

O 




(controls) 

(1967) 

o 

NG 

2 puffs, once/day. 

Nicotine, 

7/107 (lung A), 6/106 {controls); 

Lcuchtenberger & 

> 


. lifetime (26 mo) 

5pg 

11/1 07 (lung AdC), 5/1 06 (controls) 

Leuchtcnbcrgcr 

-o 

zc, 




2/65 (lung A), 1/78 (controls); 

(1970) 

c n 




5/65 (lung AdC), 3/78 (controls} 


< 

NG 


NG 

1/44 (lung A), B/106 (controls); 


O 

t— 




10/44 (lung AdC) (p = 0.005). 


d 




5/106 (controls) 


2 




3/44 (lung A), l/7g (controls); 

5/44 (lung AdC). 3/78 (controls) 


tn 

NG 

12 inin/dey on 

NG 

9/162* (ffue-cured) [p *= 0.07}, 

Harris eS at. 



alternate days;. 


7/189* (air-cured) [p > 0.05], 

(1974) 



lifetime 


3/160* (controls) 






7/164 1 (flue-cured) [p - 0.04], 

0/173 (air-cured). 1/159* (controls) 



NG 


NG 

3/8* ip > 0.05], 3/160* (controls) 

Harris eta/. 

(1974) 





Table 3.1 (coatd) 


No. of 
treated 
animate' 
group 


Type of exposure 


Concentration of 

exposure agent 


Exposure duration Lung burden Tumour incidence 


(C57B17 

Cum x 

C3H/Anf 

Cum)F| 


1014 

2053 

Nosc- 

10% smoke from 

US reference 
cigarettes 

NG 

Smoke 20 s/min, 

6—8 min/day, 

5 days/wk, 110 wks. 

Particulate 

deposition, 

125-200 UK 

19/978 (alveolar AdC), 7/651 (shiim- 
exposed controls); shorter latency of 
tumour occurrence in smoke-exposed 
group suggested (/> *= 0.10) 

Henry & Kouri 
(1986) 

Rat 











F 

408 

Ntisc- 

only 

Mixture ofuigureste 

snx>ke/eir(l/3) 

NO 

IS s/niin, 2 X 1 t 

min/day, 5 days/ 
wk, lifetime 
( !40 wks) 

Nd 

4/40S (1 lung C 3 lung neoplasm* 

Of uncertain malignancy), 0/104 
{control*). 0/104 (aham treated 
controls) 

Davis ei at. 

(1975a) 

Fischer 344 

F 

80 

Nose- 

cnly 

Mixture of non- 
11 Iter cigarette 
smoke/air (1/10) 

18.4 mg smoke 
paniculate and 
0.89 mg nico- 

tine/c igare tic 

1 cigarettc/b, 

7 cigarettes/day. 

5 dpys/wk, 128 wks 
termination at 

160 wks 

Particulate 

deposition. 

1.75 mg/dsy 

10/80 (1 nasal AdC, 1 nasal C, 

5 pulmonary A, l pulmonary c, 

2 alveolo genic C) (p < 0.05), 

3/93 (controls) 

21/BO (subcutaneous sarcomas at 
forelimb ulceration sires) (p < 0.05). 
0/93 (controls) 

Dalbey et al. 

(1980) 

CDF* 

(Fischer 

344>/CrlBR 

M.F 

NO 

wiiole- 

hady 

Cigareue smoke/ nir 

10 D mg (LC5) or 

250 mg (HCS) 
total particulate 
matter/ru s 

fi h/day. 5 days/ 
wk. 126 wks 


Males: 3V173 (lung tumours, LC5); 

7/78 <HC$); 3/1 19 (filtered air) 
Females: 4/145 (LCS); 6/B3 (HCS) 

\P < 0.05]; 0/] 13 (filtered air) 

Pinch ex ul. (1995) 

golden 

M *■ F 

of80 P 
+ 30 

Whole- 

Mixture of German 
ie£ cigarette 
smoke/air (I/I 5) 

NG 

Smoke af 

30 cigarettes for 

7-10 min: 1.2 or 

3 timel/day. 

5 days/wk, lifetime 

NG 

1/ltiO, 17/160 and 9/160 
(laryngeal C). 0/800 (controls) 

Dor. ten will et al. 
(1973) 


M + F 

of SO** 

+ 80 


Mixture of dark »ir- 
cured cigirette 
snooke/air (1/1 5) 

NG 

Smoke of 

30 cigarettes for 

7-10 min: 

NG 

2/160 (laryngeal C). 0/800 {controls} 

Dontcnwill el al. 

(1^73) 


2 iimcs/day. 

5 days/wk, lifetime 
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jfagano et at, 1982; Proctor & Chang, 1983; Reznik, 1983). Therefore, these exposure 
systems are not hilly representative of the exposure pattern of smokers. 

Under experimental conditions, the smoke in the chamber can be assayed for total 
particulate matter and carbon monoxide, and animals can be examined at intervals to 
determine the levels of carboxyhaemoglobin, nicotine or cotininc in their blood, and the 
deposition and retention of particulate matter in tissues, which gives some indication of 
die doses administered. In typical experiments, rodents were exposed to the smoke of 
seven to 10 cigarettes per day on 5-7 days per week (Dalbey et ai, 1980; Wehner et at, 
1981) and were found to have carboxyhaemoglobin levels of 2(W0% (Bemfeld et al„ 

my 

3.1.1 Mouse 

A number of early investigations of the effects of mainstream tobacco smoke on 
tumour development in mice were conducted using the C57BL strain. This strain is rela¬ 
tively resistant to the development of both spontaneous and chemically induced lung 
tumours (Shimkin & Stoner, 1975). [Therefore, the lack of tumour response in the fust 
few investigations described below may have been due to the choice of this strain.] 

Groups oflttO male and 100 female young adult C57BI mice were exposed (nose 
only) for 12 min/day to a mixture of fresh cigarette smoke and air (1 /39, v/v) every other 
day for life. [ The cigarettes were made from a composite blend of flue-cured tobaccos 
typical of the major brands of untipped cigarette smoked in the United Kingdom (Hams 
etal.,\ 974).] The concentration of nicotine in the mixture was about 0.1 mg/mL and that 
of carbon monoxide, 0.064% (v/v). The nicotine content in the lungs of mice that died 
during exposure was 14-17 pg. Groups of 100 males and 100 females served as controls. 
No lung tumours, either adenomas or carcinomas, were found in control mice, but lung 
lumours (alveolugenic adenocarcinomas) were found in 4/100 male and in 4/100 female 
mice exposed to tobacco smoke [p = 0.06], Some of the adenocarcinomas were trans¬ 
plantable. Mice exposed to smoke often showed emphysema and marked peribronchial 
lad perivascular infiltration with lymphocytes, independent of the presence of tumours 
(Harris & Negiuni, 1967). 

A total of 126 C57BL and 126 BLH mice [sex and initial group sizes unspecified! 
»ere exposed to the gas phase of 12 cigarettes [type unspecified] puffed for 2 s/min. The 
gas phase was generated by passing the smoke through a Cambridge filter that retained 
the particulate matter. The mice were exposed in a 200-L chamber for 90 min daily 
(approximately the inoximnl tolerated dose) until death (approximately 27 months). The 
Revival rales for animals that received more than 12 months of treatment were not. 
affected by treatment in either strain of mice [numbers not provided]. The percentages of 
. “dee with lung adenomas were 5.5% and 32% (7/126 and 40/126) in, exposed C57RI, and 
M mice and 3.4% and 22% (3/90 and 19/60) in C57BL and BLH controls, respectively 
Die percentages of Bl-H mice with lung adenomas that survived for at least 10 months 
*ere 37% of the treated group and 31% of the controls. The difference in incidence of 
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adenoma between the control and treated groups was stated not to be statistically signj. 
ficant (Otto k Elmenhorst, 1967). [The Working Group noted the incomplete reporting 0 f 
the experiment.] 

A group of'50 male C57BL6/Mil mice, 6 weeks of age, was exposed to cigarette 
smoke'from 85-mm unfiltered cigarettes [type unspecified] in a vacuum chamber f 0 , 
15 min, five times per week, for 63 weeks. The nicotine content in the lungs of mice that 
were killed ranged from 14 to 27 pg. When the nasal cavity and respiratory tree were exa- 
mined microscopically, the incidences of hyperplasia and metaplasia were found to be 
increased in exposed mice. These conditions were considered to be secondary to inflam¬ 
mation. No tumuur was found (Wynder et al ., 1968). [The Working Group noted the rela¬ 
tively short duration of the study.) 

Groups of Snell’s mice, 3-4 months of age at the start of treatment, were exposed to 
two puffs (15-mL puff volume, 2-s duration, 58-s interval between puffs) of either whole 
fresh cigarette smoke [type unspecified] (160 males and 118 females) or to the gas phase 
(100 males and 89 females); 117 males and 83 females served as controls. Animals were 
exposed in individual coniaineis once a day (except during holidays and weekends) for 
life. When body weight loss was 4 g or more, animals were withdrawn from exposure 
treatment for periods varying from 2 days to 2 months. Two popular brands of unfiltered 
cigarettes were used; each cigarette was smoked to a butt length of 23 mm. 1 he gas phase 
was produced by passing ihe smoke through a Cambridge filter. The efficiency of expo¬ 
sure was assessed by determining the carbon monoxide concentration in blood and the 
nicotine content of the lungs (about 5 pg). Survival after 12 months of age was distinctly 
reduced by treatment, being about 92% (184/200), 60% (172/278) and 40% (88/189) in 
the control, whole smoke-treated and gas phase-treated groups, respectively. After 12 
months of age, the occurrence of pulmonary tumours was earlier in exposed mice that in 
controls. At the end of the experimental period (26 months), the numbers of mice that 
survived 12 months or more that had pulmonary adenomas were 8/106 and 1/78 male and 
female controls, 7/107 and 2/65, respectively (p = 0.475), male and female animals 
exposed to whole smoke and 1/44 and 3/44, respectively (p = 0.15), male and female ani¬ 
mals exposed to the gas phase. The proportions of mice with pulmonary adenocarcinomas 
were 5/106 male and 3/78 female controls, 11/107 {p = 0.15) male and 5/65 ip = 0.15) 
female animals exposed to whole smoke and 10/44 ip - 0.005) male and 5/44 (p 0-15) 
female animals exposed to the gas phase (Leuchtenberger & Lenchtenberger, 1970). 

Groups of 100 male and 100 female C57BLmice, aged 14-18 weeks, were exposed 
(nose only) to a mixture of fresh cigarette smoke and air (1/39, v/v) for a 12-min period, 
generally on alternate days, for life. Groups were exposed to the whole smoke of two <» 
rent types of cigarette, one made from flue-cured and the other from air-cured tobacco. The 
latter more closely resembled flue-cured cigarettes than typical air-cured cigarettes wW 
contain, for example, buriey tobacco. A further group of animals was exposed to the gas 
phase only of smoke from the flue-cured cigarette; this was generated by passing the Who 
smoke through a Cambridge filter to remove the particulate matter. A group of 200 ma 
and 200 females served as controls. The experiments with whole smoke were repea 
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under similar conditions with another group of 100 male and 100 female mice Mean 
jjrvival rime in eight of 10 groups of mice exposed to whole smoke was 4-14 weeks 
longer than that in controls. The incidences of lung tumours in controls were 3/160 males 
and 1/1® females; those in mice exposed to the whole smoke of cigarettes made from 
flue-cured tobacco were 9/162 males and 7/164 females |p = 0.07 and U.04J, respectively; 
the incidences in mice exposed to the gas phase of cigarettes made from flue-cured tobacco 
were 3/81 males [p > 0.05] and 2/88 females \p > 0.05]; and those in mice exposed to the 
whole smoke of cigarettes made from air-cured tobacco were 7/189 males [p >0.05] and 
0/173 females. The majority of the lung tumours were adenomas (Harris et al ., 1974). 

A group of 117 female BALB/c mice, 9 weeks of age, was exposed to smoke from 
‘ligh-tar’(16 mg tar, 1.1 mg nicotine) cigarettes diluted with air (7:1, airismoke) for 
7-8 min per day on 5 days per week for 95 weeks; the exposure was discontinued for 3 
weeks starting between the 48th and 49th week of treatment. An untreated group of 130 
females served as controls. Groups of approximately 16 control and 16 exposed mice 
were killed after 56, 64, 72 and 80 weeks of treatment. Twenty control and 10 exposed 
mice survived until termination of the experiment alter 95 weeks. The incidence of 
branchial adenomas was calculated by the authors to be 3.8 times higher in the exposed 
groups of mice than in the control groups after 83 weeks, but to be similar in the two 
groups alter 95 weeks of exposure. The authors also reported an increase in the incidence 
of lymphomas after both 83 weeks (2.6 times) and 95 weeks {3.2 times) of exposure 
(Keast etal., 1981). [The Working Group noted that insufficient numerical data were 
provided in relation to the number of animals at risk.] 

Two thousand and fifty-three (C57BL/Cum x CJH/AnfiCumJF, mice were exposed 
{rose only) to cigarette smoke from University of Kentucky reference 2R1 cigarettes on 
5 days/week for 110 weeks and observed until death. In addition, 1014 mice were sham- 
exposed and 449 mice were held as cage controls. The deposition of smoke particulates 
was estimated to he about 125-200 pg total particulate mattcr/lung/day, The only lung 
oncers observed were diagnosed as alveolar adenocarcinomas. These adenocarcinomas 
were observed in 19/978 smoke-exposed mice and 7/651 sham-exposed mice. The diffe¬ 
rence between the incidence in smoke- and sham-exposed groups was uot significant, but 
Ike data suggested that the tumours occurred with a shorter latency in the smoke-exposed 
(roup (p = 0.10). Other changes associated with exposure to smoke were increased inci¬ 
dence ofpipnented alveolar macrophages, otitis media and head and neck fibrosarcomas 
(Henry & Kouri, 1986). [The Working Group noted dial both parent strains are relatively 
distant to die development of spontaneous and chemically induced lung tumours.] 

3.1.2 Rat 

A group of 408 female Wistar rats, 10 weeks of age, was exposed (nose only) to a 
Wure of smoke and air in a ratio of 1:5 generated from T29 cigarettes (especially nianu- 
Mured from a composite blend of flue-cured tobaccos, representing the major untipped 
: %aette brands smoked in the United Kingdom during 1967-68), for 15 s/min during 
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11 min, twice 4 day on 5 days per week for life. After 1 year, the rats received 5% carbon 
dioxide in air instead ot air for 5 min before the start of each smoke exposure session and 
also for the 45-s/min interval during which smoke was not generated. Measurement of an 
aisenious sulfate tracer showed that 8.5% and 17.5% of the delivered tar was recovered 
in the lungs of rats subjected to (he air and the air/carbon dioxide regimens, respectively. 

Two control groups of 102 animals were kept, one sham-exposed and one untreated. The 
smoke-exposed and sham-exposed animals had lower body weights than the untreated 
controls. About 25% of the treated rats were still alive at 100 weeks compared with 73% 
of 102 untreated controls and 66% of 102 sham-exposed controls. All treated animals had j 
died by 140 weeks; the control animals had all died by 160 weeks. Three of the smoke- 
exposed rats had pulmonary squamous neoplasms of uncertain malignancy, and one bad 
an invasive squamous-cell carcinoma of the lung. No lung tumour was observed in the 
sham-treated or untreated controls. The incidence of benign mammary tumours was lower 
in the smoke-exposed rats than in the sham-exposed or untreated controls (Davis ef a/„ 
1975a). [The Working Group noted that the daily exposure period was very brief.] 

A group of 18 female Wistar rats, 13-14 weeks of age, was exposed (nose only) to the 
gas phase of smoke (produced by passing the smoke through a Cambridge filter) from a 
standard British reference cigarette diluted 1:5 with air. Exposure took place for 15 s 
followed by exposure to air for 45 s during 11 min, twice daily on 5 days per week for 
life. A control group of 16 animals was kept. Average period of survival was 1(10 weeks 
for treated animals and 114 weeks for controls. No lung tumour was reported in either the 
exposed or the control rats (Davis el al ., 1975b). [The Working Group noted the small 
number of animals used and the short duration of the period of exposure each day.] 

A group of 80 female Fischer 344 rats, 12-14 weeks of age, was exposed (nose only) 
to a mixture of smoke and air in a ratio of 1:10 for 28—30 s/min followed by aii for 30 s ^ 
during standard smoking of a US reference untipped cigarette (average, 8.4 periods of 
cxposure/cignrette). The mean smoke particulate and nicotine levels recorded during 
chamber monitoring were 18.4 mg and 0,89 mg per cigarette, respectively. The animals 
were exposed to 1 cigarelte/h, 7 cigarettes per day, on 5 days per week for 128 weeks, i 
followed by observation for a further 6 months. The mean pulmonary particulate depth . 
sltion during exposure was 0.25 mg/cigarette (total, 1.75 mg/rat per day). A group of 63 
rats served as untreated controls and 30 rats were sham-exposed. The length of survival 
of smoke-treated, sham treated and untreated controls was not significantly different, but 
smoke- and sham-healed animals had lower mean body weights. Because the tumour inci¬ 
dences in untreated and sham-treated controls were similar, the two groups were com¬ 
bined (93 animals). One alveologenic carcinoma was observed in one control rat and one 
pulmonary' adenomatoid lesion in two other control rats. Ten respiratory tract turnout^ 
were observed in seven smoke-exposed rats: one nasal adenocarcinoma, fine nasa 
squamous-ecll carcinoma, five pulmonary adenomas, two alveologenic carcinomas an» 
one squamous-cell carcinoma (p < 0.05). Of the smoke-exposed animals, 21 develop^ 1 
subcutaneous sarcomas at sites of ulceration on the forelimbs ip < 0.05), four rats 
loped benign tumours of the oral tissues ip < 0.1) and four developed adrenal gia^ 


piours (one adenoma and three carcinomas) ip < 0.1). No such tumours occurred in 
controls. The incidences of tumours of the pituitary gland, uterus and ovaty, haemato- 
tyntphatic system and mammary gland were lower in smoke-exposed rats than in controls 
(Dalbey et al., 1980). 

Three groups of 80 female Fischer 344 rats were exposed to a mixture of smoke and 
jir in a ratio of 1:10. The smoke was generated from three research cigarettes [source not 
specified] containing 25.4 mg tar, 0,16 mg nicotine; 13.3 mg Ur, 1.06 mg nicotine; or 
25.7 mg tar, 1.91 mg nicotine, respectively (see also Griest el al., 1980). Each rat was 
exposed 10 smoke for 28 s/min followed by air for 30 s during standard smoking of the 
cigarettes, to provide 10-11 exposures/eigaretle. The animals were exposed to eight ciga¬ 
rettes per day during a 16-h period, on 7 days per week for 96 weeks, at which time all 
survivors (50-70% of animals) were killed. Groups of 80 animals served as untreated and 
sham-treated controls. The occurrence of squamous metaplasia of the laryngeal and 
tracheal epithelium was significantly increased in smoke-exposed rats. One 
squamous-cell carcinoma of the lung was observed in a rat exposed to low-tar rnedium- 
aicotine’ smoke; the incidences of other tumours were similar in treated and in control 
animals (Wehner et al, 1981). [The Working Group noted that, in contrast to the study 
described previously, all surviving animals were killed at 104 weeks of age and that the 
method for sampling for histopathology was not fully reported.] 

In an expenment in which combined exposure of CDF\Fischer 344)/CrlBR rats to 
mainstream tobacco smoke and JW Pu0 3 was studied, two groups of rats (6 weeks of age) 
were subjected to whole-body exposure for 6 h/day, 5 days per week, for 126 weeks to 
mainstream cigarette smoke diluted to concentrations of either 100 or 250 mg toUl parti¬ 
culate matter/m-’ (LCS and HCS groups). A significant increase in the occurrence of lung 
tumours was found in females exposed to smoke only but not in males. The incidences of 
benign and/or malignant lung turnouts in female rats were 0/113,4/145 (3%) and 6/83 
(1%; p < 0.05; one-sided Yates test) in the groups treated with filtered air alone, and the 
LCS and HCS groups, respectively. The corresponding tumour incidences for males were 
i/119 (2.5%), 3/173 (2%) and 7/78 (8%), respectively (Finch el al., 1995). 

U.3 Syrian hamster 

In a study involving 4440 hamsters, three groups of 80 male and 80 female Syrian 
{olden hamsters, 8 weeks of age, were exposed to a mixture of smoke and air in a ratio 
of 1:15. The smoke was generated during a 7-10-min period front 30 German reference 
cigarettes, once, twice or three times a day on 5 days per week until death. Two groups of 
j® faffs and 80 females were exposed either to the smoke of black (dark 
“iKured)-tobacco cigarettes twice a day, or to the vapour phase of German reference 
cigarettes, generated from 30 cigarettes during a 10-min period twice a day. Eight hundred 
^als served as untreated controls. The average length of survival was 52-65 weeks for 
males and 41-49 weeks for treated females. When compared with untreated 
Patrols, a shorter survival time and loss of body weight were noted in animals exposed 
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to smoke. In all treated groups, ‘the most remarkable and severe alterations’ were 
observed in the larynx, and their severity depended on duration of treatment and dosage. 
The incidence of laryngeal leukoplakias ranged from an average of 11.3% in animals 
exposed to the reference cigarette for 10 min to 30.6% in those exposed for 30 min; the 
incidence in animals exposed to smoke from black-tobacco cigarettes was 10%, and slight 
leukoplakia was observed in 1-5% of control animals. The incidences of laryngeal carci¬ 
nomas were 0.6-10,6% in animals exposed to smoke from the reference cigarette and 
■ 1.25% in animats exposed to smoke from black-tobacco cigarettes. No such tumour was 
observed in control animals or in those exposed to the vapour phase (Dontenwill et a/., 
1973). 

Similar results were obtained in a study involving 2160 hamsters exposed to the 
smoke from German reference cigarettes or a modification thereof (Dontenwill el al,, 
1977a). • ,V 

A modification of the method of Dontenwill (above) was used in a study of inbred 
Syrian golden hamsters. Groups of 102 male BIO® 87.20 and BIO 4 ' 15.16 hamsters (13 
weeks of age) were exposed to smoke (1:5 in air) from University of Kentucky 1R1 refe¬ 
rence cigarettes twice a day on 5 days per week for up to 100 weeks. Groups of 6(1 animals 
served as sham-exposed or cage controls for each strain. Exposure to smoke for up to IOC 
weeks had no effect on length of survival; however, a reduction in body weight was noted. 
Over 90% of the smoke-exposed animals of both strains showed hyperplastic or neo¬ 
plastic changes in the larynx; and benign squamous-cell papillomas of the larynx were, 
observed in both strains. Laryngeal cancer occurred nearly five times more frequently in 
strain BIO® 15.16, however, and two animals of this strain developed nasopharyngeal 
tumours, The incidences of tumours at locations other than the respiratory tract were 
similar in the two strains (Bemt'eld et al, 1974). 

Groups uf 35-64 male BIO® 15.16 inbred Syrian golden hamsters, 60-70 days of age, 
were exposed to concentrations of 11% or 22% smoke from commercial British filter¬ 
tipped cigarettes or filter-tipped cigarettes composed of tobacco and CytreP (a tobacco 
substitute), or cigarettes made of 100% Cytrel® twice a day (12-min sessions of 27 smoke 
exposures/min) on 7 days per week for up to 74-80 weeks. Groups of 40 sham-exposed 
animals and 51 caged animals served as controls. Survival rates were markedly reduced 
in all groups after 59 weeks of age; a reduction in body weight was noted in treated ani- ’ 
mals when compared with controls. Laryngeal carcinomas occurred in 47.4% (27/57) of 
the animals exposed to smoke from the British filter-tipped cigarettes; the first tumours 
occurred after 59 weeks in the hamsters treated with the 22% smoke concentration. The 
incidence of this type of tumour was dose-related and decreased as the proportion of 
CytreP in tire blends increased. No such tumour was observed in controls. Laryngeal 
papillomas, laryngeal epithelial hyperplasia and a few tracheal papillomas were also 
observed in treated admals, Histopathologica! findings at other sites did not appear to be 
related to smoke inhalation (Bemt'eld et al., 1979). 

A group of 51 male Syrian golden hamsters, 2 months of age, was exposed three times 
a day for 10 min, 5 days per week, for life, to smoke from University of Kentucky 1R1 
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reference cigarettes. Another group of 51 male hamsters served as sbam-exposed controls. 
The smoke-exposed animals survived longer (mean, 19.6 months) than the sham-exposed 
animals (mean, 15.3 months). The smoke-exposed animals had significantly higher inci¬ 
dences of epithelial lesions of the larynx than the sham-exposed controls (22% versus 0%, 
p < 0.01) and also had a significantly higher total number of tumours than sham-exposed 
controls (28% versus 6%; p < 0.05). The laryngeal changes in the smoke-exposed group 
ranged from inflammatory conditions, with growth abnormalities of the epithelium, to 
squamous-cell papilloma formation (Wehner et al., 1974,1975a,b, 1976). 

3.1.4 Rabbit 

Thirty rabbits were exposed daily in individual compartments to the smoke from 2ft 
cigarettes (2 puffs/min, 2 cigarettes at each treatment period) for up to 66 months. No 
tumour that could be related to the exposure was observed in any of the exposed rabbits 
or in 31 controls that survived for 24 months or more (Holland et a!., 1958,1963). [The 
Working Group noted that details of the types of cigarettes, method of smoke generation 
and doses delivered were not provided.] 

3.1.5 Dog 

Groups of male beagle dogs, 1.7-3.3 years old, trained to inhale cigarette smoke 
through trachcostomata, were exposed to one of three different treatments: (1) smoke 
from seven untipped cigarettes containing 34.8 mg tar and 1.85 mg nicotine per day (62 
dogs), (2) smoke from seven cigarettes containing the same tobacco, but with filter tips, 
containing 17,8 mg tar and 1.17 mg nicotine (12 dogs) or (3) smoke from 3.5 unlipped 
cigarettes containing the same tobacco per day (12 dogs). Eight nou-exposed tracheoto- 
mized dogs served as controls. The body weights of the dogs in the various groups did not 
differ significantly. Between day 57, when the training period ended, and day 876, when 
killing of the surviving dogs began, 28 dogs died: 24 in the first group, two in the second, 
two in the third and none in the control group. Extensive examination of the lungs and 
bronchial tree at autopsy and microscopically was carried out, lesions of the lung 
(reported as tumours), described as ‘bronchiolo-alveolar, invasive and noninvasive’, were 
found in 23/62 of dogs in group 1, two of the lesion-bearing dogs in this group also had 
small bronchial lesions. Non-invasive bronchiolo-alveolar lesions were also found in 4/12 
dogs in group 2, 7/12 dogs in group 3 and 2/8 control dogs. The bronchiolo-alveolar 
lesions tended to be multiple, with as many as 20 per lung lobe, and were found in 41 of 
the 203 lung lobes from the 29 dogs with such lesions. No distant metastasis was found 
(Auerbach et al., 1970; Hammond et al., 1970). [The Working Group noted that no data 
were given on specific smoking parameters or measures of exposure. They also noted the 
small number of control dogs used and the unusually high incidence of lung lesions in 
these animals; Ihese are lesions that rarely occur spontaneously in dogs. The focal inflam¬ 
matory lesions usually found in the lungs of animals exposed to smoke were not men- 
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tinned in the report of this study. Examination of the upper respiratory tract and otlw 
organ systems was not reported. The authors’ interpretation of the photomicrograph 
representing neoplasia was not considered to be entirely convincing.] 

As part of a study on the combined effects of radon daughters or uranium ore dust and 
cigarette smoke on the induction of respiratory tumours (see below), 19 male and femal 
beagle dogs, 24-30 months of age, were exposed to cigarette smoke only. The dogs were 
exposed to the smoke of 10 University of Kentucky 1R1 reference cigarettes per 
, (three in the morning, four at midday and three in the afternoon) on 7 days per week for 
48-60 months; individual masks permitted smoke to be inhaled at every 10th breath. 
Eight dogs served as sham-exposed controls. Carboxyhaemoglobin levels in 
smoke-exposed dogs increased with the duration of the experiment, from 2% at 19 months 
to 4.7% after 50 months; the corresponding mean values for sham-exposed dogs WB{ 
1.4% and 1.8%, respectively. Smoke-exposed animals killed after 49 (six dogs), 60 (six 
dogs), 64 (six dogs) and 65 months (three dogs) were available for analysis. No signifj. 
cant respiratory lesion and no lung tumour was found in either group (Cross el a /., 1982 ) 
[The Working Group noted the small sizes of the groups and the limited evidence of 
smoke delivery.] 


1 * ■ in 


3.2 Inhalation exposure in conjunction with administration of known 
carcinogens and other agents 




3.2.1 Mouse 

(a) 4-(N -Niimsomethylamm)-! -(3-pyrUfyl)-l-butanone 

A 6-month bioassay in strain A/J mice was conducted to determine whether chroni¬ 
cally inhaled mainstream cigarette smoke would either induce lung tumours or promote 
lung cancer induced by the tcbaeco-specific nitrosamine, 4-(JV-niirosomethylanimo)-l-(3- 
pyridyl)-! -butanone (NNK). Groups of 20 female A/J mice were exposed to filtered air or 
cigarette smoke, injected with NNK, or exposed to both cigarette smoke and NNK. At 7 
weeks of age, mice were given a single intraperitonea! injection of NNK at a dose of 100 
mg/k'g bw and, 3 days later, they were exposed to cigarette smoke for 6 h/day, 5 days per 
week, for 26 weeks at a mean concentration of 248 mg total particulate matter/m 3 . 
Animals were killed 5 weeks after cessation of exposure for gross and histopathological 
evaluation of lung lesions. No significant differences in survival between exposure groups 
were observed. A biologically significant level of exposure to cigarette smoke was 
achieved as indicated by the reductions in body weight, increases in lung weight and 
increases in carboxyhaemoglobin levels in blood of about 17%, Tumour incidences were 
similar between the groups exposed to cigarette smoke and filtered air, and the groups 
treated with NNK and with cigarette smoke + NNK. Incidences in either of the latter 
groups were higher than in the groups exposed to cigarette smoke and filtered air. Turnout 
multiplicity in tumour-bearing animals did not differ significantly between any of the 


jjLree groups (filtered air, NNK, cigarette smoke + NNK) in which lumouis were 
observed. Thus, exposure to cigarette smoke neither induced lung tumours nor promoted 
ffldK induced tumours (Finch et ai, 1996). [The Working Group noted that the animals 
^ere killed 5 weeks after cessation of exposure, which may have been an insufficiently 
long period to permit tumour development. See also Witschi el al. (1997).] 

(b) Influenza virus 

The possible interaction between various types of influenza virus and the inhalation 
0 f cigarette smoke in the induction of lung tumours in mice has been examined in a series 
of studies (Harris & Negroni, 1967; Harris dal, 1974; Wyndcre/ai., 1968). No additive 
or synergistic effect was observed. 

3.2.2 Rat 

Selected studies are summarized in Table 3.2. 

(o) Benzofajpyrene 

A group of 84 female Wistar rats received a single intratracheal instillation of 2 mg 
‘ benzo[a]pyrene (with infiisine and carbon black) followed by exposure to cigarette smoke 
(cigarette T29, specially manufactured from a composite blend of tobacco representing 
the major plain cigarette brand smoked in the United Kingdom, diluted t:5 with air), 
twice daily, five times per week for life. Three developed squamous-celt carcinomas of 
the lung. A squamous-cell carcinoma of the lung was observed in one of the 84 rats treated 
with the benzo[a]pyrene mixture alone, and four squamous-cell neoplasms(of which only 
one was clearly malignant) occurred among 408 rats exposed to cigarette smoke only. The 
mean survival times were 65 weeks for animals exposed tu the smoke plus 
benzo[a]pyrene mixture, 63 weeks for animals exposed to smoke alone and 108 weeks for 
rats treated with the benzo[a]pyrenc mixture alone. No lung tumour was observed in 
untreated or sham-exposed controls (Davis et al., 1975a). 

Groups of 35 male Wistar rats (weighing 50-70 g) were fed either vitamin A-defictent 
feed or a conventional diet and were exposed to three weekly intratracheal initiation doses 
of 20 mg henzofojpyrene mixed with ferric oxide during the 6th-8th week of the study, 
or subjected to cigarette smoke from the 2nd to 24th week or the 10th—24th week, or 
subjected toboth types of treatment. The animals were ex-posed to five cigarettes, 1 h/day 
in 8.2-L chambers. Animals were killed after the 24th week. Inhalation of cigarette smoke 
during the initiation and post-initiation phases of carcinogenesis resulted in higher lung 
tumour multiplicity (2,14 tumours/animal) than that observed in rats exposed during the 
post-initiation phase only (1.33 tumouis/animal) or in the rats treated with 
benzo[a]pyrene only (1.22 tumours/animal). This enhancement of tumour multiplicity 
was increased further by vitamin A deficiency (2.86 versus 1.67 or 1.83 tumours/animal, 
respectively). These tumours were classified histopathologically as squamous-cell 
carcinomas (Gupta etal., 1990). 
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Table 3.2. Selected studies of carcinogenicity in response to exposure to mainstream tobacco smoke in conjunction svitb e*po- 
sure to known carcinogens or other agents in rat and hamsier___ 


No. of 

treated 

animals/ 

group 


Agent co-adnunisteTcd 


Type of exposure Ui Exposure doratic 
cigarette SihOke 


Tumour incidence 


P 

73 

O 


Rat 

"Wistar 


Wistar 


7 


M 


84-40S Benin [ulpytetic 

(2 mg) + infusine 
+ carbon black; 
intratracheal I y 

35 Benzo(o]pyicne (20 mg) 

-+ Fe 2 t> 3 ; inlrutrachealiy 
(3 weekly doses) during 
6th-8th wk of the study 


British reference 
cigarette smoke/air 

(1/5) 

Cigarette smoke 
(5 cigarette s/8.2 L 
air) 


1 cigarette, twice/day. 
5 days/wk. lifetime 


1 h/day. during 2nd- 
24 th week or 10th- 
24th week of the 
study 


Sprague- 

Diwlcy 


NG 2B—S0 Radon progeny (4000, 
500 or 100 WLM) 


French reference 
cigarette smoke 
(9 cigarettes/ 

500 L air) 


L0-15 min session, 
4 days/wk, 1 year 


CDF® M, F NG 

(Fischer 344)/ 

CrlBR. 


2W PuOj aerosol. 1 wk (6th Cigarette smoke/nir, 6 h/day. 5 days/wk. 

wk of the study]) 100 mg (LCS) or 126 wks 

250 mg (HCS) total 
particulate matter/m 5 


3/84 (lung C). 1/84 (lungC; benzoMpyrene 
alone), 4/408 (2 A + 1 malignant neoplasm; 
cigarette smoke only), 0/204 (controls + sham- 
exposed controls) 

Conventional diet; 2nd—24th wk, 2.14 luhgC/ 
animal; inth-24th wk, 1.33 lung C/aninul; 
henzoLu]pyrene control. 1.22 lung C/an imttl. 
Vitamin A-deficicm diet: 2nd—24th wk, 2.86 long 
C/animal; I0th-24th week. 1.67 lung C/animal; 
benza[a]pyrerte control, 1.83 lung C/anliYial 

4000 WLM: 34/50 (lung C) \p “ 0.0015); 17/50 
(lung C; radon progeny alone) 

500 WLM: 8/30 (lung C); 2/28 (lung C; radon 
prpgeny alone) 

100 WLM: 1/30 (lung C); 0/50 (radon progeny 
alone) 

49-61 % (Iwng tumours, LCS + ;w PuOj) 

72-74% (HCS + ai, Pu0 2 ) 

20-33% ( lw PoQ 2 > 

2-3% (LCS) 

7-8% (HCS) 


Davis cl ui- 
(1975a) 

S 

S 

8 

Gupta el at. 
(1990) 

3 

S 

c— 

Chameaud 
eraf. (1982) 

CD 

S 

m 


oo 

u> 

Finch el a!. 
(1995) 





Table 3.2 (contd) 


Strain Sex 


No. of Agent co-ad ministered 

treated 

animals/ 

group 


Type of exposure to Exposure duration 

cigarette smoke 


Tumour incidence 


Reference 


Hams ter 

Syr inn golden/ 

M+F 


Syrian golden 


Syrian golden 


Syrian golden 


M + F (80 + 
80) 


DM BA (0.5 mg): iritra- 
tracheaily 


NG 20-40 DMBA (0.24 rng); intra- 
■ laryngcally 


M 10-30 NDEA (100 mg/kg bw); 

subcutaneously 


30 NDEA (10 mg/hamstcr); 

su heula neously 

(12 weekly doses) 


German ref. cigarette 

smoke/air (J/l 5) 

Smoke of 30 
cigarettes fbr 7-10 
min: twice/day. 

5 days/wk, lifetime 

32/160 (laryngeal C), 17/160 (laryngeal C; smoke 
rtrtly), 0/| 60 (DMBA alone) 

Don ten will 
eral. (1973) 

Cigarette smoke/air 

(1/7) 

Cigarette smoke 

2x10 min/day, 

5 days/wk, 48 wks 

3/40 (laryngeal C), 0/20 (smoke only). 0/20 
(DMBA alone) 

HofTmann 
et al. (1979) 

Cigarette smoke/air 
(1/7) 

Smoke of 30 
cigarettes for 9 min: 
twice/day, 5 days/wk, 
12 wks 

Non-filler cigarettes (2.10+ 1.74 P+H/animai) 

[P < 0.01] and filter cigarettes ( 1.93 ± 1.55 P 
+ H/animal) [p ■< 0.01] versus sham-exposed 
(0.97 ± 1.03 P + H/animat) 

Tokahoshi 

ai. (1992) 

Non-filter cigarette 
smoke/air (1/7) 

Smoke of30 
cigarettes frw 6 min: 
twice/day, 5 days/wk, 
58 wks 

14/30 (nasal cavity tumours) {p < 0,05). 5/30 
(NDEA atone) 

Hera da e: cil. 
(1985) 


C, enreinoma: A a adenoma; NG, not given, WLM. work-level-months; LCS, 
ethyl amine; P +■ H. epithelial hyperplasias and papillomas 


low cigarette smoke; HCS. high cigarette smoke; DMBA. 


7,12-dimethyIbenz[a]anthracene; 


NDEA, W-ni< 
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(i b ) Chrysolite 

Yoshimura and Takemolo (1991) exposed male Wistar rats intralracheally to 15 rig 
asbestos (chrysotile) fibres. One month later, the rats were exposed to cigarette smoke in 
an exposure chamber (smoke from 10 cigarettes/day, 6 days per week, for 1 month), fo 
the group exposed both to asbestos and to cigarette smoke, 4/29 rats developed lung car¬ 
cinomas, as compared with 1/31 of the rats exposed to asbestos alone. No mesotheliomas 
were found in the rats treated with asbestos alone, whereas 2/29 rats exposed to a combi¬ 
nation of asbestos and cigarette smoke developed mesotheliomas. [Hie Working Group 
noted the small numbers of animals per group.] 


2-3% and 74%, respectively, in rats exposed to B9 PuO,, LCS or HCS alone. The most 
prevalent malignant neoplasms were adenocarcinomas, followed by squamous-cell 
carcinomas and adenosquamous carcinomas, In groups exposed to both agents, there was 
Increased tumour multiplicity, an increased proportion of neoplasms of the squamous 
phenotype, and several animals with airway-associated lung neoplasms (Finch et ai, 
1995). [The Working Group noted the incomplete reporting of the study.] 

3.2.3 Syrian hamster 

Selected studies arc summarized in Table 3.2. 


(c) Radon progeny 

Groups of 28-50 Sprague-Dawlcy rats were exposed to radon progeny at cumulative 
doses of 4000,500 or 100 work-level-months (WLM) 1 , with or without concurrent expo¬ 
sure to cigarette smoke by inhalation on 4 days per week for 1 year. Of the 50 rats exposed 
to 4000 WLM radon progeny without exposure to smoke, 17 developed carcinomas of the 
lung. In the same group, 34 carcinomas were seen in 50 rats exposed to radon and ciga- 
rette smoke. In the groups of rats exposed to 500 WLM radon progeny, two carcinonas 
of the lung were seen in the 28 rats exposed to radon only as compared with 8/30 rats 
exposed to radon and cigarette smoke. No lung tumour was observed in any of the 50 rats 
exposed to 100 WLM radon only, whereas one carcinoma was observed among 30 rats 
exposed to 100 WLM radon and cigarette smoke. Histopathological evaluation of the lung 
tumours indicated that approximately 75% were squamous-cell carcinomas, 20% were 
adenocarcinomas and the remainder were undifferentiated carcinomas (Chameaud et a/,, 
1982). 

(d) Plutonium oxide ; 


(o) Benzo[&]pyrem 

A group of 40 Syrian golden hamsters received a single intratracheal administration 
of5 mgbenzo[a]pyrene mixed with ferric oxide, followed by exposure to cigarette smoke 
twice for 10 min daily, five times per week, for 48 weeks. Two papillomas of the larynx 
and lines epithelial hyperplasias of the larynx were ubserved. Nu such lesion was 
"observed in control groups of 20 hamsters that received benzo[n]pyrene plus ferric oxide 
or smoke alone, and no lung tumour was observed (Hoffmann et a!., 1979). 

(b) Blue Cape asbestos 

Groups of 80 male and 80 female Syrian golden hamsters were exposed to a single 
intratracheal instillation of asbestos, followed by exposure to cigarette smoke twice daily, 
live times per week for life, No significant difference in the occurrence of laryngeal 
lesions or tumours was observed when compared with another group of hamsters exposed 
to cigarette smoke alone. No laryngeal tumour occurred in a control group exposed to a 
single dose of asbestos alone (Dontenwill et a!., 1973). 


Beginning at 6 weeks of age, CDF®(Fischer 344)/CrlBR rats were subjected to whole- 
body exposure for 6 Wday, on 5 days per week, to either filtered air or mainstream ciga¬ 
rette smoke diluted to coucentratiuiis uf either 100 or 250 mg total particulate matter/cd 
(LCS and HCS groups, respectively). At 12 weeks of age, rats were removed from the 
smoke exposure chambers and exposed nose-only to either filtered air or plutonium oxide 
( a, Pu0 2 ) aerosol, and were returned to the smoke chambers 1 week later for 30 months 
of continued exposure to either filtered air or cigarette smoke. The incidences of lung 
tumours in animals exposed to cigarette smoke only are given in Section 3.1.2. In both 
sexes, there was a pronounced interaction between exposure to smoke and a, Pu0 2 in 
producing lung tumours. Tumour incidence reached 72-74% in HCS + 239 PuOi-exposcd 
rats and 49-61% in LCS + 259 Pu0 2 -exposed rats, whereas the incidence was 20-33%, 


1 WLM is defined as any combination of the short-lived radon daughters in 1 L of air that will result in an xdo- 
mate emission of 1.3 * UP MeV of potential alpha energy in their decay through !H Po. WLM is equivalent to 
170 h of exposure to 1 WL. 


(c) 7, 12-Dimethylbenz[ijanthracene 

Three groups of 80 male and 80 female Syrian golden hamsters received 500 pg 7,12- 
dimethylben 2 [e/]anthracene (DMBA) intratracheally, followed by a 10-min exposure to 
cigarette smoke twice daily, five times per week for life, or were treated either with ciga¬ 
rette smoke or DMBA only. A total of 32 squamous-cell carcinomas of the larynx were 
observed in animals treated with both DMBA and cigarette smoke, in comparison with 17 
it hamsters exposed to cigarette smoke only and none in hamsters treated with DMBA 
alone. A similar trend in the incidence of laryngeal leukoplakia was also observed. No 
iicrease was observed in the incidences of tumours at other sites in animals treated with 
6oth DMBA and cigarette smoke, when compared with animal? treated with DMBA alone, 
.'■lean survival rates were comparable in all groups (Dontenwill et al ,, 1973). Similar 
'-mils were reported from otheT experiments in which Syrian golden hamsteis were 
exposed to DMBA and cigarette smoke (Kobayashi et o/., 1974; Hoffmann et a!., 1979). 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(i) 4-(N-Nttrosometkylmirio)-l-(3-pyridy!)-l -bulanom 

Groups of 10 male and 9-10 female Syrian golden hamsters received a single 
subcutaneous injection of NNK at doses ranging from 1 to 10 mg, followed by exposure 
to University of Kentucky 1R1 reference cigarette smoke twice daily for 69 weeks. 
Tumours of the respiratory tract were observed inNNK-trented hamsters, therr mcidence 
was not affected by exposure to cigarette smoke (Hecht etd, 1983). 


(e) ~H-Mtivsobis(2-oxopropyi)amme 

The influence of tobacco smoke on A r -nitrosobis(2-oxopropyl)amine (NBOPA> 
y««d carcinogenesis of the pancreatic duct and respiratory tract was investigated using 
a two-stage carcinogenesis model in hamsters. Five-week-old male hamsters were divided 
into five groups. Group 1 (n = 30) was injected subcutaneously with NBOPA at a dose of 
10 mg/kg bw once a week tor 3 weeks for tumour initiation and exposed to cigarette 
smoke over the same period. Group 2 (n = 30) was exposed to cigarette smoke for 26 
weeks after the NBOPA initiation, Group 3 (n = 30) was given NBOPA initiation alone 
and group 4 (« = 10), 26 weeks of exposure to cigarette smoke alone. Group 5 (n-lfl) 
served as a sham-exposed negative control The experiment was terminated 30 weeks 
after the first NBOPA injection. The incidence of pancreatic carcinomas was significantly 
decreased in group 1 (5/29, p < 0.01) relative to group 3 (17/30), whereas the incidence 
in group 2 (12/29) was not significantly less than that in group 3. in contest, the incidence 
of proliferative lesions of the larynx and trachea (hyperplasias) was significantly higher 
in group 2 (11/29, p < 0.01) than in group 3 (2/30). The incidence of pulmonaiy 
hyperplasias was also higher in group 2 (13/29, p < 0.05) than m group? (5/30), ritta# 
that of pulmonary adenomas or adenocarcinomas was lower in group 2 (14/29 ,p l-U 1) 
than in group 3 (24/30). Exposure to cigarette smoke in the NBOPA-initiation phase 
(group 1) did not affect the development of respiratory lesions. No animals in groups 4 or 
5 developed any tumours of the pancreas or respiratory tract. These results suggest that 
exposure to cigarette smoke inhibits pancreatic carcinogenesis when given m the nut* 
phase, whereas it modulates (enhances or suppresses) the development of proliferative 
lesions in the respiratory tract if applied during the promotion stage to hamsters pre¬ 
treated with NBOPA (Nislukawa el al„ 1994). [The Working Group noted the small sire 
of the experimental groups and the short duration of the study.] 


(fl }\-Nitmsodielhylamine 

The potential short-teim promoting effects of cigarette smoke on the development of 
tumours in the respiratory system were investigated in male Syrian golden luansters 
dietary supplement of vitamin C (1%) was given to groups of 30 male Syrian han«re 
exposed to cigarette smoke mair(l/7) from 30unfilteredcigarettes for fimm, twice * • 

5 days a weekand also receiving 12 weekly subcutaneous injections of A/-n,trosodiethy fr 
amine (NDEA) (total dose, 10 mg/hamster) to determine whether or not high doses 
vitamin C could prevent the development of tumours by NDEA in the respiratory w- 


1 The experiment was terminated 58 weeks after initiation of the treatments. Treatment with 
4 ■ NDEA resulted in the development of both benign and malignant tumours of the respi¬ 
ratory tract, and co-exposure to cigarette smoke potentiated the development of tumours 
j in the nasal cavity (14/30 versus 5/30, p < 0.05) (Harada elai, 1985) 

1 Three groups (1,2 and 3) ot 30 animals each received a single subcutaneous injection 
of 100 mg/kg bw NDEA and were then exposed to smoke from umipped cigarettes (NC), 
from filter-tipped cigarettes (FC) and sham smoke, respectively, from week 1 to week 12. 
In addition, groups 4,5 and 6 (10 animals each) did not receive treatment with NDEA. 
but were exposed to the NC Smoke, FC smoke or sham smoke, respectively, for the same 
time period. In the NDEA-treated groups, epithelial hyperplasias and/or papillomas were 
: f induced; in groups 1 and 2, the incidences and numbers o f these lesions per animal were 

i significantly higher than m group 3 (2.1011.74 and 1.93+ 1.55 versus 0.97 + 1.03, 

p<0.01) (Takahashi etal., 1992). 

3.2.4 Dog 

.4 Nineteen male and female beagle dogs, 24-30 months old, were exposed by inhalation 
to a combination of radon (105 nCi/L [3900 Bq/Lj) radon progeny (605 WLM) and ura¬ 
nium ore dust (12.9 mgfrn 3 ) for 4 h/day, on 5 days per week, for 54 months. A second group 
of 19 beagle dogs was exposed to the smoke from 10 cigarettes/day on 7 days per week at 
intervals between exposures to radon progeny and uranium ore dust. Lifespan was shorter 
in both groups than in controls. Eight dogs exposed to radon alone had nine respiratory 
. tumours (two nasal carcinomas, six pulmonary carcinomas, one pulmonary fibrosarcoma); 
and 2'19 dogs in the group that received radon plus cigarette smoke had respiratory 
tumours (one nasal carcinoma and one pulmonary carcinoma) (Cross el al, 1982). [The 
; Working Group noted the small sizes of the groups and the incomplete reporting.) 

3J Administration of tobacco-smoke condensate 1 

Selected studies are summarized in Table 3.3. 

Attempts to induce tumours with tobacco products were reported as early as 1911 (for 
a summary of early studies, see Wynder & Hoffmann, 1967). In the 1950s, Wyndcr et d 
(1953) painted the skin of CAP, mice with cigarette-smoke condensate (CSC) suspended 
in acetone. After 24 months, 48/81 mice had developed skin papillomas and 36/81 had 
developed skin epidermoid carcinomas at the sites of application 


The terms ‘smoke condensate’ and ‘tar’ are often used interchangeably, Cigaietlc-smoke condensates art pro¬ 
duced by passing smoke tough cold traps and recovering die material retained within them. This matenil is 
ohen washed from the traps with a volatile solvent, which is lalci removed, and unknown amounts Ot the vola¬ 
tile and semivolatilc constituents arc lost Total paniculate mater (TPM) is that material which is retained in a 
high-efficiency particulate filter. If this matenal is washed from the filter and concentrated as above, semivola- 
Wes are lost. In the USA, the term ‘w’ as used in official reports of tar yield is equivalent to TPM less nico¬ 
tine and ivatct 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



Table 3.3. Selected studies of carcinogenicity In response to exposure to cigarette-smoke condensate In mouse, rat and rabbit 


Strain Sex No. of Type of exposure 

treated 
animals/ 
group 


Exposure dosage and duration Tumour incidence Reference 


Mouse 

CAF1 M + F, 44-112 

lil 

ICR Swiss F 5200 

ICR Swiss V 4900 

ICR/Ha Swiss V IO0 


Skin painting (dorsal) of CSC 
Skin painting (dorsal) of CSC 
Skin painting (dorsal) of CSC 

Topical application with CSC to oral 
mucosa (lips and oral area) 


CSC/acetone solution (40 mg CSC/ 
application), x 3/wk, lifetime 

36/81 (skin epidermoid C), 0/30 
(acetone controls) 

Wynder etal. (1953) 

CSC/acetone solution (150 mg or 

300 mg CSC/weckk x 6/wk, 78 wks 

482/5200 (skin C), 3/800 (acetone 
conlrols)* 

Cargus el a/. (1976) 

C5C/asetOi»e solution (3 5 mg or 

50 mg CSC/app 1 ication), x 6/wk, 

78 WkS 

11 57/4900 (skin C). 0/800 
(acetone controls) 

(iori (1976) 

CSC/aeetpnc (26 mg 

52/81 (lung tumour if 

DiPaolo & Levin 

CSC/appl icat Von), x S/wk, 15 months 

(p < 0.0001). 20/59“ (acetone 
controls) 

(1965) 


Initiation study 

ICR/Ha Swiss F 30 


Skin painting (dorsal) with CSC active 
fraction with or without subsequent 
painting of the skin with croton ail 


CSC active fraetiou/acetone (2.5 mg 
of 0.6% CSC/application). 10 x on 
alternate days 

Croton oil (2.5%k X 3/wk. up to 
15 months. 10 days after last CSC 
active fraction application 


After 12 and 15 months: 4/30 Hoffman & Wynder 

(skin C), 0/65 (croton oil controls) (1971) 


promotion Study 
Swiss F 


30-50 


Skin pointing (dorsal) of CSC with or 
without initiation by DMBA application 


DMBA (75 pg); CSC/acetone (75 mg 
CSC/applicolion. start; 1 wk after 
DMBA application). X 2-3/wk, 

12 months — animals observed 3 
months later 


DMBA: 2/30 (skin C) (7 %) 

2 x CSC: 1/40 (skin C) (3 %) 
DMBA + 2 x CSC: 8/30 (skin C) 
(27 %> 

3 x CSC: 11/50 (skin C) (22 %) 
DMBA tix CSC: 11/30 (skin C> 
(37 %) 


Wynder & Hoffmann 
(1961) 




Other tobacco 
Swiss albino M 



IS Oral giivage of Indian bldi smoke 

wntefl**** 



1 nigl/idi smoke eendensate/Gl mg 
DM SO. 5 days/wk, 55 wka, 
termination 90 wk* 

4 hepatic haemangiomas. 

1 stomach papilloma end C, and 

1 oesophageal C/15 mice; (A/15 
(untreated or DMSO-treatcd 
oonmolo) 

Pakhale etal (1988) 





Table 3.3 (contd) 


St ruin 


No. of 
treated 
animals/ 

group 

Type of exposure 

Exposure dosage and duration 

Tumour incidence 

Reference 

Rat 

Osborne 

Mendel 

F 

NG 

Imrapulmonary administration Of CSC 
' pellet 

CSObeeswaxitritaprylin (24 mg 

CSC/injection), up. to 107 wks after 
implantation 

14/40 c (lung squamous-cell C), 

0/63' (beeswax: tricapry tin 
controls) 

Stanton et a). (1972) 

OM/NCR 

F 

120^ 

Inlnipulm unary administration of CSC 

pellet 

CSC/bees wax: tricap ryl in (5, 10.20 

or 67 jng CSC/injection), 120 wks 
after implantation 

4, 10. 20 And 42% pulmonary C 
prevalence; 0% C prevalence for 3 
conlrol groups of about 1 90 rata 

Dagle era/. <(978) 

Rabbit 

A Ibino New 
Zealand 

M+F 

38 

Skin painting of CSC (both cars) 

CSC/acetonc solution (100 mg CSC/ 
application/ear). x 5Avk. lifetime 
(4-6 yre) 

4/38(2 skin C -ft 1 skin lipo- 
sarcoma •+ 1 skin fibrosarcoma). 

0/7 (acetone controls) 

' Graham etal. (1957) 


CSC, Cigarette-smoke condensate; wk. week; C, carcinoma; DMBA. 7.12-dimethylbenit[a]amhr-acene: DMSC. dimethyl sulfoxide- NO not K iv en y« Ye flra 
* Skin papillomas 1 & ’ 1 ' * 


Mostly adenomas 

* Incidence in animals that died 43-1 07 weeks after injection 
^ 4 X 10 rats/group terminated before 120 weeks 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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During the next decade, methods of wneratine rsr ant) „ ■ 
refined and standardized within and between laboratMies^Curreni^ ,ninia l s »eu 

smoked, generally using a 35-mL puff drawn fnr 7 ' ^ y ’ cleanfttes arc machine 

coated in glass vessel! a, J* «*■»? 

«* -pension of 

standardized between different laboratories include choice ofSJ? ! T n °‘ ** 
frequency of treatment, choice of solvent, conditions of storag^fr^f 0 tl! ^ ^ ^ 

the smoking machine and the number of cigarettes that are mS P profile »f 
Nevcthdess, when mouse .kmbsbiS^^r 1 ^- 

respmto'toeoveraU Wc^nm SjSSESJj ^ 

«*.«»s ”rrr“*"■'« 

m cigarette design affect the carcinogenic effect of CSC differences 

correlated with the chemical comnLiL n 1 5 : a "^«ese effects can be 

studies may help to elucidate the mechanisms through!vh!ch CSC ird^' l ' < h n> m ° USesk ' 11 
ntal tissues, For example it Im been «),„ • n ™ lnd « ce s tumours in ani- 

(Hoffmaim & Wynder, 1971) and that CSC mru ‘ a ‘ CS ^ eoiitains toraour initiate 
exhibit tumour-promoting activity (see for» ' j fractions and com ponent5 can 

1976). ’ ’ L3zar el at - 1974 ' v “ Duuren & Goldschmidt, 

3 - 3.1 Skin application 
( a ) Mouse 

P° te n^«n?ScS)^^^L*S| n,!,,W, ” t '™° UrS 00 m ° USe skm ' The carcinogenic 
presence of addi L Tee T 7 T* ° f C « Paper an the 

al " m Davies & Day >»« 
1977 198m Tk. h ' ^ ^ <ln ' 976; Uontemvill et al. 1977b- Gori 

reported a low, but ScanHnddm °* epkfennal ori S k Ctaon el d (1981) 
which mouse skin was treated with CSC ° maSt0cyh,mas m a senes of experiments in 

iVT^toTmt 15 g ' Ven iD 1 S£rieS ° f f0Ur P ublic ^io n s (see Gargus 
' ' m Wl 1 ^9) that reported the results of sldrr painting experii 


TOBACCO SMOKF 


. i.... 


995 


In which more than 100 variables of CSC were tested in female ICR Swiss mice. These 
data permitted an evaluation of the overall carcinogenicity of CSC and of intralaboratory 
variation in bioassay results overtime, because, in these studies, University of Kentucky 
Idl and SEB cigarettes stored at -20 C C were tested in four series of studies begun in 
1970, 1972,1974 and 1975, and the results (Table 3.4) are representative of the lumour 
(espunse found in such studies. The purpose of the studies was to investigate possible 
relationships between biological activity and cigarette design as well as the chemical 
characteristics of cigarette smoke. The CSC derived from reference cigarettes and 
Specially modified cigarettes was applied generally at two dose levels, usually 25 mg and 
50 mg per 0.1 -mL application, 6 days a week, for 78 weeks. Acetone was used as the 
solvent. In some instances, 3-, 6- and 12.5-mg doses were also given, and, for a single 
type of CSC, doses of 10 mg and 20 mg were given twice daily or five times a week for 
78 weeks. Solvent-treated and untreated controls were kept. Test group sizes usually com¬ 
prised 100 animals, but up to 800 controls were used; 6400-9200 mice were used for each 
of the four sets of experiments. A skin tumour was observed in 3/800 acetone-treated 
controls; otherwise, no tumours and no carcinomas were found in control animals. Skin 
tumours, frequently malignant, were found in every CSC-treated group. [These extensive 
studies reported differences in the activity ofCSCs from cigarettes ot different design. 
The Working Group of the URC Monographs on tobacco smoking (IARC, 1986) noted 
that, although the trends of the differences were often consistent, different statistical pro¬ 
cedures were used to analyse the data, and insufficient data were provided to permit a uni¬ 
form analysis for quantitative comparison of these data.] 

Cigar and pipe smoke condensates have also been tested on mouse skin. In one such 
study, a 1:1 (w/v) acetone solution of nicotine-free cigar or pipe tar was painted three 

Table 3.4. Skin tumour" incidences in ICR Swiss mice after skin 

painting with smoke condensate from reference cigarettes 1,1 


» 


Series 

Date nf start 
of study 

Reference cigarette 





1RI 

SEB! 

SEBII 

SEBIII 

SEBIV 

i 

1970 

mm 

84/200 

_ 

- 

- 

h 

1972 

98/200 

115/200 

383/81)0 

- 

- 

in 

1974 

49/100 

51/100 

- 

46/100 

- 

IV 

1975 

95/200 

" 


87/200 

326/800 


1 


a Not corrected for interim deaths; tumours classified as ‘papillomas’ and ‘carci¬ 
nomas’ in scries 1 and II, as ‘papillomas’ and ‘other malignancies’ in scries III, and 
as ‘tumours’ in series IV. 

b From Gargus et al. (1976) and Gori (1976,1977, 1980) 
c Age of animals at start: ‘approximately’ ft weeks in series I and 11; ‘at least’ 6 
weeks in III and IV. 


m 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 4.5. Studies of $moklng- re ] a t E d DNA adducts in human blood 





Study 

Blood cells® 

Method of analysis 

Number of subjects 

Perera et al. 
(1987) 

WBC 

ELISA 

22 smokers 

24 nonsmokers 

Perera et ai 
(1989) 

WBC 

ELISA 

81 lung cancer cases 

(38 smokers, 43 former and 

nonsmokers) 

67 controls (19 smokers, 

48 former and nonsmokers) 



Holz et al 
(1990) 

Monocytes 

i2 P-Postlabelling + 
nuclease P t 

5 smokers 



enhancement 


Jahnke et al. 
(1990) 

Lymphocytes 

35 P-Postlabelling 

11 smokers 

15 nonsmokers 

Kiyosawa 
et al (1990) 

wsc 

HPLC/ECD 

10 smokers 

Phillips et al 
(1990a) 

WBC 

32 P-Postla belling 

3 1 smokers 

20 non smokers 

Van Schooten 
e/al. (1990b) 

WBC 

ELISA 

44 controls 

Savela & 

Henmiinki 

(199J) 

Lymphocytes, 

granulocytes 

J2 P-Postlabelltng 
with nuclease P, 
enhancement 

J1 smokers 

10 nonsmokers 


cells 


Outcome 


BPDE-DNA adducts detected in 5/22 smokers and 
7/24 nonsmokers 

For cases, 19/38 smokers and 21/43 former and 
nonsmokers were positive for PAH-DNA adducts; for 
controls, 9/19 smokers and 27/48 former and 
nonsmokers were positive. Current smokers who were 
cases had higher (0.35) adduct levels than controls who 
smoked (0.14). But PAH-DNA adduct formation was 
unrelated to number of cigarettes smoked. 

In a controlled experiment, smoking caused the 
formation of DNA adducts. Not all adducts observed 
were smoking-related. 

Differences in distribution of lipophilic DNA adducts 
between smokers and nonsmokers not significant 

10 minutes after smoking 2 cigarettes, 8-OHdG adduct 
levels in volunteers were increased 1.5-fold (p < 0.05). 

Adduct levels not significantly different in smokers and 
nonsmokers 

30% of controls had detectable BPDE-DNA adducts. 
Smokers had significantly higher adduct levels than 
nonsmokers (11/28 versus 2/16). 

DNA adducts in lymphocytes of smokers significantly 
higher (p < 0.05) than in those of nonsmokeis. 
Differences in granulocytes not significant 
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mixture contained 12 mg of the heptane-soluble fraction of CSC, squamous-cell carcino¬ 
mas developed in 5/18 rats. No tumour was Seen in any of the 63 rats that died 43-10] 
weeks after injection with beeswaxitricaptylin alone. 

These observations were confirmed by Dagle et al. (1978) using CSC from two diffe- 
rent types of cigarette. They observed a dose-dependent incidence of lung carcinomas 
when either condensate was injected in beeswactricaprylin. No catcinoma was induced ' 
by beeswax:tricaprylin alone. With the highest dose of CSC (67 mg), the prevalence of 
carcinoma reached 42% in 120 weeks. No difference was observed in tumour response to 
the two CSCs. 

Groups of Wistar rats were injected intratracheally with CSC or CSC fractions 
without vehicle eveiy 2 weeks for life. There was a dose-dependent increase in the mean 
grade of squamous metaplasia in the groups treated with CSC and with several fractions 
of CSC. After treatment with CSC and most fractions, no tumours were observed, but after 
treatment with a fraction containing most of the polynuclear aromatic hydrocarbons of 
cigarette smoke, 5/54 rats developed neoplastic lung lesions (Davis et al., 1975c), [The 
Working Group noted that the relatively infrequent dosage employed by Davis el al may 
have been less adequate as a stimulus than prolonged release of the material front a lipid 
vehicle that persists at the injection site.] 

(b) Hamster 

CSC and the Tiilrumethane-soluble’ fraction of CSC were found to be weak carci¬ 
nogens when injected in beeswax directly into hamster lung (Ketkar et al., 1979). The 
method used was similar to that used by Stanton et al. (1972) in rats; 0.03 mL of a 1:1 
beeswax; tricaprylin mixture was used as the solvent. A group of 31 hamsters injected 
with 50 mg CSC developed one hronchogenic adenoma; two animals exhibited meta¬ 
plasia. When 25 mg of the nitromethane fraction of CSC was given to another group of 
31 animals, three developed bronchogenic adenomas and nine had metaplasia. 

3.3.5 Gavage study 


The carcinogenicity of smoke condensates of Indian bidi [Indian sun-cured tobacco 
wrapped in tendu leaf {Diospyros melanoxylon or Diospyros ebenum) and smoked] was 
administered to male Swiss albino mice by oral gavage in suspensions of 1 mg conden¬ 
sate/ft. 1 mg dimethyl sulfoxide, 5 days per week, for 55 weeks. Animals were killed when 
moribund or 90 weeks after the beginning of treatment. Lung, liver, stomach and oeso¬ 
phagus were fixed in formalin and processed for histological examination. Four hepatic 
haemangiomas, one stomach papilloma, one stomach carcinoma and one oesophageal 
carcinoma were found in 15 mice that received bidi smoke condensate. No tumours were 
seen in untreated controls (15 mice) or dimethyl sulfoxide controls (15 mice) (Pakhalc 
etal, 1988). 
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4. Other Data Relevant to an Evaluation of Carcinogenicity 
and its Mechanisms 






4.1 Absorption, distribution, metabolism and excretion 

4.1.1 Humans 



The Working Group attempted to provide extensive coverage of the published lite¬ 
rature since 1985, in some cases referring to recent reviews. 

(a) Introduction 

Most carcinogens are enzymatically transformed to a series of metabolites as the 
exposed organism attempts to convert them to forms that are more readily excreted. The 
initial steps are usually carried out by cytochrome P450 (P450) enzymes that oxygenate 
the substrate (Guengerich, 1997). Other enzymes such as lipoxygenases, cyclooxyge¬ 
nases, myeloperoxidase and monoamine oxidases may also be involved, but less com¬ 
monly. If the oxygenated intermediates funned in these initial reactions are electrophilic, 
they may react with DNA or other macromolecules to form covalent binding products 
known as adducts. This process is called metabolic activation. Alternatively, these meta¬ 
bolites may undergo further transformations catalysed by glutathione S’-transferases, uri- 
dine-5'-diphosphate (UDP)-glucuronasyltransferases, epoxide hydrolase (EH), .V-acetyi- 
transferases (NATs) (Kadlubar & Beland, 1985), sulfotransferascs and other enzymes 
(Armstrong, 1997; Burchell el u/., 1997, Duffel, 1997). Such reactions frequently, but not 
always, result in detoxification. 

Figure 4.1 presents an overview of the metabolism of the six tobacco smoke carci¬ 
nogens for which the formation of DNA adducts has been demonstrated in human tissues, 
namely, benzo[n]pyrene (JARC, 1983a, 1987), 4-(7V-nitrosomethy]amiiio)- i -(3-pyridyl)-1 - 
butanone (NNK) (1ARC, 1985a; Heeht el ai, 1994), A'-nitrosodimethylamine (NDMA) 
(IARC, 1978a; Shuker & Bartsch, 1994), M-nitrosonomicoline (NNN) (IARC, 1985b; 
Hecht etai, 1994), ethylene oxide (IARC, 1994a), and 4-aminobiphenyI (4-ABP) (IARC, 
1972; Kadlubar, 1994). The major metabolic activation pathway of benzopjpyrene is con¬ 
version to a 7,8-diol-9,10-epoxide, which is highly carcinogenic and reacts with DNA to 
form adducts with the exocyclic N 2 of guanine (Cooper el ai, 1983). In competition with 
this process are detoxification pathways leading to phenols, diols and dieir conju- 
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Figure 4.1, Metabolism of six tobacco smoke carcinogens which produce DNa 
adducts that have been identified in the lungs of smokers 
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gates as well as other metabolites. The major metabolic activation pathways of NNK and 
Its main metabolite, 4-(hi-niirosomethy!amino>l-(3-pyrtdyl)-l-butanol (NNAL), involve 
hydroxylation of the carbons adjacent to the A-nitroso group (a-hydroxylation) which 
leads, via dtazontum ions, to the formation of two types of DNA adduct: methyl adduct; 
such as 7-methyIguanine and O^-methylguanine (IARC, 1985a), and pyridyloxobutyl 
adduds (Hecht, 1998). Glucuronidation of NNAL and pyridine-A-oxidation of NNK and 
NNAI. are detoxification pathways, The metabolic activation of NUMA occurs by fl- 
hydroxylation leading, via methyl diazonium ions, to the formation of 7-methylguaninr 
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and C^-methylguanme. Denitrosation, producing nitrite and methylamine, is considered to 
he a detoxification pathway (Preussmann & Stewart, 1984). Aldehydes are also formed in 
[Jic metabolism of NNK and NDMA. Their role in carcinogenesis is unclear. ct-Hydroxy- 
lation of NNN can lead to the formation of pyridyloxobutyl adducts whereas detoxification 
occurs by (5-hydroxylation, pyridine-A-oxidation and denitrosation/oxidation to produce 
jtorcotinine (Hecht, 1998). Ethylene oxide reacts directly with DNA to form 
7-(2-hydroxyethyl)guanine and other adducts. There are competing detoxification path¬ 
ways involving glutathione conjugation (IARC, 1994b). 4-ABP is metabolically activated 
by .V-hydroxylation. Conjugation of the resulting hydroxylamine with acetate or other 
groups such as sulfate ultimately produces nitremum ions that react with DNA to produce 
adducts mainly at C-8 of guanine, Acetylation of 4-ABP can be a detoxification pathway 
if it is not followed by A-hydroxylation. Ring hydroxylation and conjugation of the 
phenols result in detoxification (Kadlubar & Beland, 1985). 

The balance between metabolic activation and detoxification varies between indivi¬ 
duals exposed to these gcnotoxic components of tobacco smoke and is likely to affect 
cancer risk because DNA adducts are absolutely central to the carcinogenic process 
induced by these agents (Hecht, 1999; Tang et al., 2001). DNA adducts, if unrepaired, can 
cause miscoding during replication resulting in permanent mutation. 

Cells have DNA repair systems that can remove adducts and restore the DNA to its 
normal structure (Memisoglu & Samson, 2000; Pegg, 2000; Haoawalt, 2001: Norbury & 
Hickson, 2001). There are interindividual differences in their capacity for DNA repair that 
can affect cancer risk (Wei a al, 2000). Moreover, DNA repair systems are not com¬ 
pletely efficient or error-free, and some adducts escape repair and persist in DNA. These 
persistent DNA adducts can cause miscoding. For example, when the Opposition of 
guanine in DNA is methylated following metabolic activation of NNK, the resulting DNA 
adduct, Cri-methylguanine, is misread by DNA polymerases as adenine, and thymine is 
inserted during replication (Loechler etal., 1984). The consequence is the permanent con¬ 
version of a G:C base pair to an A;T base pair. This mutation and others can activate onco¬ 
genes such as KRAS or inactivate tumour-suppressor genes such as TPS3. There are consi¬ 
derable data to indicate that mutations in KRAS and TP53 result directly from tire reaction 
of these genes with metabolically activated carcinogens (Hecht, 1999). Many genetic ab¬ 
normalities occur during the process of lung cancer induction. These include loss of 
heterozygosity, microsatcllitc alterations, mutations in RAS oncogenes, MYC amplifi¬ 
cation, BCL-2 expression, mutations in (he TP53, RB, CDKN2A and FH1T lumour-sup- 
- pressor genes, expression of telomerase activity and others (Figure 4.2) (Wistuba et al, 
1997; Sekido et al., 1998). Although the temporal sequence of mutations is somewhat 
" unclear, we do know that carcinogens can, through the process just described, cause irre¬ 
versible damage to critical genes involved in the control of cellular growth. Smokers are 
subjected to a chronic barrage of metabolically activated carcinogens that cause these 
multiple changes (Figure 4.2). This constant assault on genes is entirely consistent with 
genetic derangements that lead to six proposed hallmarks of cancer: 

1 — self-sufficiency in growth signals; 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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— insensitivity to anti-growth signals; 

— evasion of apoptosis; 

— tissue invasion and metastasis; 

— sustained angiogenesis; and 

— limitless replicative potential (Hanahan & Weinberg, 2000). 

Figure 4.2. Scheme linking cigarette smoke carcinogens with genetic changes in lung 
and lung cancer development 



Adapted from Hecht 

This scheme may also apply to other cancers. 

A key aspect is the chronic exposure of DNA to metabolicaliy activated carcinogens resulting in the formation 
of DNA adducts and consequent genetic changes. This chronic bomge of DNA damage, taking place dai l) over 
a period of many years, is fully consistent with multiple generic changes in lung cancer fit does not always take 
30 years to get lung cancer, it may take only live years). Some cigarette smoke carcinogens may open* 
through other mechanisms. The time periods and sequence of genetic changes are uncertain. For further detat t 
see Sekido et al. (1998); Hecht (1999,2002a). 


Urinary carcinogen metabolites, carcinogen-protein adducts, and carcinogen-DNA 
adducts have been used as biomarkers to assess the uptake, metabolic activation and 
detoxification of tobacco carcinogens in humans. These are discussed ill the following 
sections. 

(b) Effects of tobacco smoke on human enzyme activities and metabolism 
(i) Enzyme induction 

In-vivo studies 

The induction by tobacco smoke of several phase 1 and phase II enzymes in human 
tissues, including P4501A1, P4501A2, P4502E1 and some isoforms ofUDP-glucurono- 
syitransferase has been widely reported (Anttila et a!:, 1991; Guengerich el al, 1991; 
Bock et at.. 1994). Similarly, the pharmacological interactions between tobacco smoking 
and drugs, many of them as a consequence of enzyme induction, have been reviewed 
(Zevin & Benowitz, 1999). The consequences of this induction are evident in the altered 
rate of metabolism of many drugs and carcinogens (Zevin & Benowitz, 1999). For 
example, smoking decreases the activity of H 2 -receptor antagonists in reducing nocturnal 
gastric secretion (Boyd et al., 1983). The metabolic enzymes are also induced by poly¬ 
cyclic aromatic hydrocarbons (PAHs), which may therefore be the components of tobacco 
smoke that are largely responsible for its enzyme-inducing activity. Cigarette smoke con¬ 
tains a variety of ligands that bind to the Ah receptor, which is known to mediate 
induction of P4501A1 and P4501A2 (Zevin & Benowitz, 1999). 

Pulmonary P4501 Al activity (reflected by aryl hydrocarbon hydroxylase (AHH) acti¬ 
vity) is elevated in smokers, and a highly significant correlation between enzyme activity 
and levels of PAH-DNA adducts has been reported (Gcneste et al, 1991; Alexandrov 
etai, 1992). Among smokers, women with lung cancer had higher levels of CYP1A1 
mRNA and bulky DNA adducts than men with lung cancer {Mollerup et al., 1999). 

Smoking results in induction of P450 activity in the human placenta. Evidence for this 
comes from in-vitro experiments in which placental microsomes were incubated with 
benzo[a]pyrene in the presence of calf thymus DNA; higher levels of DNA adducts result 
tom incubation of microsomes of smokers than of those from nonsmokers (Kim et al., 
1992). AHH activity is higher in placental microsomes from women who smoke than 
tom women who do not, but EH activity is not (Vaught etal., 1979). Placenta! P450 acti¬ 
vity, as measured by in-vitro oxidation of 7-ethoxyresorafm, was found to be 10- to 30- 
fold higher for female smokers than for nonsmokers (Manchester & Jacoby, 1981). In 
mother study, placental microsomes from 32 female smokers were twice as active in 
lenzo[a]pyrene metabolism as microsomes prepared from the placentas of 25 non- 
smokers, but the in-vitro formation of DNA adducts in the presence of calf thymus DNA 
was not significantly higher in smokers (Sanya! el a!., 1994). In a recent study, maternal 
smoking was found to be significantly associated with levels of placental CYP1.41 mRNA 
(p < 0.01) but not with levels of PAH-DNA adducts measured by competitive enzyme- 
linked immunosorbent assay (ELISA) (Whyatt et a!., 1998). 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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In humans, cigarette smoking significantly enhances CYP2E1 activity in alC0W 
patients, as measured by increased metabolism of chlorzoxazone in vim (Gine el ^ 
1994). CYP2E1 bio-activates some substrates in tobacco smoke and other pnHam : ' 
nogens and several hepatotoxins (Guengerich et al., 1991), ^ IC1 ' 

The levels of three enzymes involved in DNA repair in the peripheral blood cells f 
20 smokers and 1 7 nonsmokers were compared. C^-Alkylguanine-DNA-alkyltransferal 
activity was the same in both groups, but the activities of methylpurine (MeP) and 26. 
(fiamino-4-hydroxyoA f -forman)idopyrimidine-DNA glycosylase were lower in ncB . 
smokers; the difference was statistically significant only for MeP {Hall et al, 19931 ' 
Exposure of human buccal cell cultures to organic extracts of tobacco (bidi) smoke con. 
densate and betel leaf decreased C^-metliylgnanine-DNA methyltransferase activity 

In-vitro studies 

Although there have been many in-vitro studies of the properties of tobacco 
carcinogens, their effects are not always the same as those of the complex mixture of 
tobacco smoke. For example, exposure of human U937 cells (human [histiocytic] 
lymphoma cell line) to tobacco smoke increased the expression of haeme oxygenase-| 
(HO-1) and inhibited the activity of nuclear factor-icB (NF-icB) (Favatier & Polla, 2001) 
However, the tobacco-specific nitrosamine NNK activates NF-kB and induces 
cyclooxygenase (COX)-l expression in 1193 7 cells (Rioux & Castonguay, 2000). 

(ii) Enzyme inhibition 
In-vivo studies 

Cigarette smoking has teen demonstrated to reduce the level of monoamirie 
oxidase B in the brain by about 40%, relative to the levels in nonsmokers or fonner 
smokers, although the effect is probably not caused by nicotine. This enzyme plays a keji 
role in dopamine pharmacokinetics (Fowler et a!., 1996a). Measurable reductions in 
monoamine oxidase B were not observed when nonsmokers smoked only one cigarette, 
implying that the reduction seen in smokers requires chronic exposure and that it maybe 
a gradual response (Fowler et at, 1999). The activity of the enzyme was also significantly 
lower in the platelets of 23 heavy smokers (> 20 cigarettes/day) than in those of 41 noiu 
smokers (p < 0.001) (Yong & Perry, 1986). Smoking cessation resulted in an increase m 
the activity of platelet monoamine oxidase B, which slai led after a week of abstinence and 
was approximately back to normal values after 4 weeks. Low baseline activity of mono¬ 
amine oxidase B is related to more intense withdrawal symptoms (Rose et d, 20M). 
Similarly, the activity of monoamine oxidase A was markedly reduced (average, 28%) hi _ 
the brains of smokers compared with nnnsmakers (Fowler et at., 1996b). The emerging 
view is that, whereas nicotine does not reduce monoamine (A and B) oxidase activity by 
itself, the reduction of this enzyme by other cuiuponents of tobacco smoke may leadfr 
the potentiation of nicotine's effect by slowing down the catabolism of certain newc 
transmitters, i.e. norepinephrine, dopamine and serotonin (Berlin & AntheneUi, 2001)- 
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The activity of EH in human iung was measured in samples obtained from patients 
Ldefg°' n e open chest surgery for lung cancer and non-neoplastic pulmonary disease. In 
!][ ‘non-rccent’ smokers (who had not smoked for > 1 month prior to surgery), levels of 
Ijjtosolic EH activity, but nui of microsomal EH activity, were significantly higher than 
Liiine ‘recent’ smokers (who had smoked in the month prior to surgery). Cytosolic EH 
Ljvity was positively correlated with the number of days since smoking cessation 
u< l),05) and was inversely conelated with the number of cigarettes smoked per day 

0.01) (Petruzzelli et al, 1992). 

Emphysema is associated with decreased levels of a r anlitrypsin, a plasma protease 
jat inhibits neutrophil elaslase activity. Cigarette smoking is associated with a decrease 
jtjeutrophil elastase inhibitory capacity in the lower respiratory tract, increasing the risk 
ty the development of emphysema (Ogushi et al., 1991). Elastase activity in human 
lluikucytes can be suppressed in vitro by cigarette smoke extract (Ejiofor el al., 1981). 
Serum antioxidant activity is significantly lower in smokers than in nonsmokers and, 
illbough there is a compensatory increase in ceruloplasmin levels, this increase is insuffi- 
tyeot to prevent the suppression of elastase inhibitory capacity of cq-antitrypsm by ciga- 
lette smoke extract (Galdston et al., 1984). 

In-vitro studies 

Numerous studies have reported enzyme inhibition in cultured cells treated with 
tobacco smoke, tobacco smoke condensate or extract, or known components of tobacco 
smoke. 

A number of tobacco alkaloids, including A'-n-octanoylnomieotine and .V-(4- 
hydroxyundecanoyl) anabasine have been shown to inhibit aromatase activity in cultures 
of the human breast cancer cell lines, MDA-M8-231 and SK-BR-3, decreasing the 
estrogen biosynthesis (Kadohama et al, 1993). In cultured MA-10 Leydig tumour cells, 
tobacco alkaloids (nicotine, cotinine, anabasine) and aqueous extract of cigarette smoke 
inhibited progesterone synthesis and cell growth by a cytotoxic mechanism; this 
mechanism could reduce fertilization, implantation and early development of human 
embryos (Gocze & Freeman, 2000). 

The activity of lecithin:cholesterol aeyltransferase, which is believed to play a pivotal 
rule in facilitating high-density lipoprotein-mediated removal of cholesterol from peri¬ 
pheral tissues such as arterial cells, is inhibited in human blood plasma by cigarette smoke 
Rtnict and by a number of aldehydes present in tobacco smoke (i.c. acrolein (IARC, 
1995a), hexanal, formaldehyde (IARC, 1995b), malunaldehyde (IARC, 1999a) and 
acetaldehyde (TARC, 1999b)). The inhibition of the enzyme activity is probably involved 
Jithe mechanism of smoking-induced atherosclerosis (Chen & Loo, 1995). There is evi¬ 
dence that the mechanism for this inhibition is based on the covalent modification of the 
two free cysteine residues (Cys-31 and Cys-184) of the enzyme (Bielicki et al., 1995). 
Further studies have shown that the activity of another enzyme implicated in protecting 
ugainst atherosclerosis, plasma paraoxonase, is also inhibited through modification of its 
tool groups by cigarette smoke extract (Nishio & Watanabe, 1997). However, exposure 
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to gas-phase cigarette smoke from four cigarettes over an 8 -h period did not inhibit * 
oxonase in human plasma under conditions in which the activity of plasma 
thkcholesteroi acyltransfcrase was inhibited by > 80% and platelet-activating ^ - 
acetylhydrolaseby 50% (Bielickiet«/.,2001). .. 

Thiol depletion by cigarette smoke may be induced by a^-unsaturated aldehydes suet 
as acrolein. The activation of respiratory burst by neutrophils stimulated by photbnl ‘ 
myristate acetate (PMA) was impaired by exposure to gas-phase cigarette smoke, either 
through depletion of cellular glutathione or by inhibition ot NADPH oxidase activate 
These effects also occurred when neutrophils were exposed to acrolein (Nguyen a 4 
2001). Subsequent experiments demonstrated that acrolein inhibits neutrophil apoptosis atd 
that enzymes relevant to this process were either induced by acrolein, e.g. extracdlub, 
signal-regulated kinase (ERK) and p38 mitogen-activated protein kinases (p38 MAPKs),.cr 3 
their activation was prevented, eg. caspase-3 (Finkelsteinef a!., 2001). In human brondnsi 
fibroblasts, reactive aldehydes such as acrolein have also been shown to be cytotoxic andto 
inhibit die DNA repair enzyme (y-methylguanitie-DNA mcthyltransferase, possibly fcy . 
reacting with the cysteine thiol group at the active site of the enzyme; no effect on uracil- 
DNA glycosylase was observed (Krokan elat., 1985). ;> ? 

The activity of aldehyde dehydrogenase (ALDH) in human blood cells in vitro was I 
found to be inhibited ty cigarette smoke condensate in a dose-dependent manner. Tins 
inhibition was associated with the non-volatile fraction of the condensate. The lower y 
levels of ALDH activity observed in alcoholics could be due, in part, to smoking, as alco¬ 
holics are frequently also heavy smokers (Helander et a!., 1991). 

Plate let-activating factor (PAF) (1-Oalkyl- 2-acetyl-sn-glycero-3-phospfaochotine) is . 
a potent pro-inflammatory agent whose degradation is regulated by P.AE acetyl hydrolase 
(PAF-AH), a plasma enzyme. The activity of this enzyme is inhibited in a dose-dependent , 
manner by cigarette smoke extract, which may explain the increase in plasma PAF con- | 
centration noted in smokers and may be relevant to the development of smoking-induced 
cardiovascular and pulmonary diseases (Miyaura et at., 1992). 

(c) Biomarkers of tobacco smoke carcinogens ■■■':■ ■ 

(i) Urinary compounds j 

Urinary carcinogens and their metabolites are practical and useful biomarkers of the 1 
uptake of tobacco smoke constituents. They can provide important information about 
exposure to tobacco smoke carcinogens, carcinogen doses and mechanisms of carcino¬ 
genesis. The use of urinary compounds as biomarkers for investigating the links between j 
tobacco and cancer has been reviewed (Hecht, 2002b). The structures of the compounds 
discussed below are illustrated in Figure 4.3. ; ■ 5 


Figure 4J. Structures of compounds discussed in Section 4.1.l.(c) 
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^hthalene (Jansen el al, 1995; Yang, M. ft a!., 1999; Nan et al,, 200.1). It has been 
^posed that urinary 2 -uapltihol is a better biomarker of inhalation exposure than urinary 
1 -tjapMho! (Nan et al., 2001), because it correlated more closely with urinary cotinine 
javel than did 1 -naphthol (Yang, M. et al., 1999). Levels of urinary 2-naphthol can be 
parted by genetic polymorphisms in carcinogen metabolizing enzymes such as CYP2EI 
jpd GSTM1 (Yang, M. etal., 1999; Nan etal., 2001). 

polycyclic aromatic hydrocarbons 

Itydroxyphenanthrenes and phenanlhrene dthydrodials 
Phenanthrene (IARC, 1983b, 1987) is the simplest of the PAHs with a bay region and 
jsii reasonable model for studies of the metabolism of carcinogenic molecules of PAHs 
nith bay regions. Hydroxyphenanthrenes and phcnantlirene dihydrodiols have been quan¬ 
tified in human urine. Heudorfand Angerer (2001), using high-performance liquid ctiro- 
mutograpby (HPLC) with fluorescence detection, reported highly significant differences 
in concentrations of 2 -, 3- and 4-hydroxyphenanthrene between smokers and nonsmokers 
jnd dose-response relationships to cigarettes smoked per day, but such relationships were 
not found with 1-hydroxyphenanthrene. For example, the amounts of 3-hydroxyphenan- 
ftictie were 473 ± 302 ng (mean ± SD)/g creatinine in 100 smokere and 305 ± 209 ng/g 
creatinine in 288 nonsmokers {p = 0.001). Jacob et al. (1999) measured phenanthrene 
metabolites by gas chromatography-mass spectrometry (GC-MS). They found no signi¬ 
ficant differences in urinary concentrations of hydroxyphenanthrenes or phenanthrene 
dihydrodiols between 20 smokers and 10 nonsmokers. [The Working Group noted that the 
Study size was small.) It should be noted that there arc important sources of phenanthrene 
txposure other than smoking (Grimmer et al., 1993; Angerer et al., 1997; Grimmer et al, 
1997). 

Jacob et al, (1999) found a lower ratio of phenanthrene-1,2-dihydrodio! to phenan- 
lhrene-3,4-dihydrodioi in the urine of smokers than in nonsmokers suggesting that 
smoking induces formation of phenanthrcne-3,4-dihydrodiol via induction of P4501A2. 
Similar results were obtained by Heudorf and Angerer (2901) who found that the ratio of 
1- plus 2-hydroxyplieuanlhieite to 3- plus 4-hydroxyphenanthrene decreased with 
increased number of cigarettes smoked per day. Both studies also reported a decreased 
ratio of phenanthrene metabolites to i-hydroxypyrene with increased smoking, reflecting 
greater intake of pyrene than phenanthrene in smokers. 

l-Hydroxypyrene 

Pyrene (IARC, 1983c, 1987) is a non-carcinogenic component of al! environmental 
mixtures of PAHs. The major urinary metabolite of pyrene is l-hydroxypyrene glucuro- 
tide (Sithisarankul et al, 1997). Jongeneelcn and colleagues pioneered the development 
ofa method for measurement of l-hydroxypyrene in urine (Jongeneelen et al., 1985). It 
iras been measured in hundreds of studies of occupational and environmental exposure to 
PAHs. Several reviews of the data on the effects of smoking have been published 
1 Jongeneelen, 1994; Van Rooij et al., 1994; Levin, 1995; Heudorf & Angerer, 2001; 
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Jongcneclen, 2001). Most studies have measured signitic antly higher levels of l-hydroxy. 
pyrene in smokers than in nonsmokers, Some representative data from recent investi¬ 
gations of urinary l-hydroxypyrene are summarized in Table 4.1; these data are from noii- 
occnpationaily exposed individuals. The levels of 1 -hydroxypyrene in the urine of 
nonsmokers vary considerably and are likely to he influenced by environmental pollution 
and diet. In most studies, the concentrations of 1 -hydroxypyrene in the urine of smokos 
are about twice as high as those in the urine of nonsmokers, although greater differences 
have been reported. These concentrations tuay be influenced by genetic polymorphisms 
in carcinogen metabolizing enzymes (Alexandrie ef of,, 2000; Neruikar et al., 2000, Nan 
et a!., 2001; van Delft el al, 2001). 

Table 4.1.1-Hydroxypyrcne in the urine of smokers and nonsmokers: selected 


recent studies 


Level of 1-hydro Ajpyrenc* 


Nonsinoker Smoker 


0233 gg/gC' 

0.408 |tg/g€ 

0.55 trawl/L urine 

1.04 mnul/L urine 

0.89 nmol/mol C 

0.176 nmol/mol C(< ISag/duy) 
0.226 (unol/mol C (> 15 cig/day) 

21.8 gg/24 It 

60.3 ng/24 h 

0.25 |ig/L urine 

0.54 pg/L urine 

0.10 uiTKilhnol C 

0.17 gmcl/mol C d 

0.02 pmol/mol C 

0.04 pmol/mol C J 

0.04 nmol/mol C 

9.20 (tmol/mol C (light) 

(average) 

0.46 pmol/mol C (medium) 

1.16 niuo 1/mol C (heavy) 

027 miiol/12 It 

0.51 nmol/12 h 

0.157 jtg/24 h 

0.346 ng/24 h 

0.27 junol/mol C 

0,70 nmol/mol C 

0.03 un..ili.iul C 

0.05 gmol/mol C 

0.04 ntnul/mot C' 

0,05 nmol/mol O' 

0.11 nmol/mol C 

0.57 nmol/mol C 


—i 


Increase 11 

Reference 

1.8-fold 

Roegi etal. (1997) 

1.9-fold 

Sithisaranlcil et al. (1997) 

2.0-fold 

Merlo el al. (1998) 

2.5-fold 


2.8-fold 

Jacob el al. (1999) 

2.3-fold 

Pastorelli etal (1999) 

1.7-fold 

Alexandrie etal. (2000) 

2.0-fold 

Dor el el (2000) 

50.0-fold 

Li, H. el al. (2000) 

11.5-fold 


29-0 fold 


1.9-foU 

Nerurkar et al (2000) 

2.2-fold 

Scherer etal. (201)0) 

2.6-fold 

van Delft et al. (2001) 

1.7-foU 

Kim, H. eld. (2001) 

1.3-fold 

Natl eta/. (2001) 

5.2-fold 

Szaniszlo & Ungvary (2001) 


1 Arithmetic mean unless otherwise Mated 

b All increases statistically significant, except for that in the study of Nan el al. (2001) 
‘ C, creatinine 
‘‘Median 
' Geometric mean 


Benzo[i]pyrene metabolites 

The concentrations of benzo[a]pytene in cigarette smoke are quite low. In laboratori 
animals its metabolites are excreted mainly in the faeces. Therefore, benzO[^]py^ 


metabolites are difficult to quantify in the urine of smokers. 


)-Hydroxybenzo[a]pyrene is a major metabolite of benzojajpyrene in vitro and is 
excreted in urine as its glucuronide. Several methods for quantitation of 3-hydroxybenzo- 
[<t)pyram in human urine have been described (Grimmer el ai, 1997; Giindel & Angerer, 
2()00, Simon et al., 2000). In occupationally exposed workers, the levels reported are 
quite low, ranging from about 1 to 14 (median value) ng/L urine. Limited data ate 
jvailable on the levels of 3-hydroxybenzo[ajpyrene in smokers. One small study reported 
0.1-48 ng/L urine in three smokers as opposed to < 0.142 ng/L in three nonsmokers 
(Simon etal, 2000). In workers in China occupationally exposed to coal smoke, elevated 
levels of 3-hydroxyben2o(ij]pyrene and 9-hydroxybenzoJojpyrene have been reported in 
the urine (Mumford et al ., 1995). 

r-7,f-8,9,e-10-Tetrahydroxy-7,8,9,10-tetrahyclrobenzo[fl]pyrene ( trans-anti-Ba P- 
tetraol) is a hydrolysis product of r- 7,Z 8-di hydioxy-f-9,1 ()-epoxy-7,8,9,10-tetrahydro- 
benzojajpyrene, the major established ultimate carcinogenic metabolite of benzoja]- 
pyrene. This metabolite has been quantified in the urine of psoriasis patients treated with 
a coal-tar ointment and in coke-oven workers and smokers. Concentrations of trans-anti- 
BdP-tetiaol in the urine of smokers w ere lower than in the other two groups, ranging from 
not detected to 0.2 tmol/pmol creatinine, li was detected in urine samples of nine out of 
21 smokeis (Simpson el aL, 2000). 

Benzo[u]pyrene metabolites can be converted to benzo[u]pyiene by treatment with 
hydrogen iodide. This reaction has been employed as the basis for a technique to deter¬ 
mine urinary metabolites of benzo[o]pyrene and several other PAHs (Becher & Bjorseth, 
1983; Becher et al, 1984; Venicr etal., 1985, Haugen et al., 1986; Buckley et al., 1995). 
In individuals who were not exposed occupationally, the concentrations of benzofa]- 
pyrene measured by this method ranged from 4 to 19 ng/mmol creatinine in nonsmokers 
(n = 5) and 18 to 102 ng/mmol creatinine in smokers (n = 4) (Becher et al, 1984). The 
disadvantages of this method include different conversion rates for various metabolites 
and low analytical recoveries (Buckley etal, 1995). 

Tlte presence of an unstable benzo[u]pyreite-DNA adduct, 7-(benzo[o]pyreu-6-yl)- 
tdenine, was reported in the urine of three out of seven smokers and measured in one as 
0.6 fmol/mg creatinine (the concentrations were not quantifiable hi the other two 
smokers) (Casale el al, 2001). 

Aromatic amines and heterocyclic aromatic amines 

Aromatic amines, but not their metabolites, have been quantified in human urine. In 
we study, smokers excreted 6.3 ±3.7 jtg/24 h 2-toluidine (orffo-toluidine, see IARC, 
2000), whereas the concentrations in the urine of nonsmokers were 4.1 + 3.2 )lg/24 h, a 
non-significant difference (El Bayoumy et al., 1986). Another investigation reported 
higher concentrations of orfAo-toluidine in the urine of smokers than in that of non- 
jokers (0.6 and 0.4 ng/L urine, respectively) (Riffelmann et al., 1.995). There appear to 
W important sources of human uptake of orf/w-toluidine other than cigarette sniuke, 
fmokers excreted amounts of 4-ABP (78.6 + 85.2 ng/24 h) similar to those measured in 
Nonsmokers (68.1 + 91.5 ng/24 h) and the amounts of 2-aminonaphthalene (2-naphthyl- 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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■V-Nitrosamines 

mu * 

nk who hod „ 5e », 4li« ” rw, »ifc 

NPRO is not metabolized and has not been shown ™ B safe ^ 

^ applied in several studies designed neHPROhJ 

cokers and nonsmokers. The result indicate that “ ° gCT0US nitrosati ™ between 
° ccun tn smokers, and that thiocyanate catalysis It ^ of WRO 

Tsuda & Kurashima, 1991- Tricker 19971 n' y ^ !mportant (Bartsch elal 19 ®. 
population-based studies (Tricker, my m ' Xed resu!ts have h« obtained® 

Several other nitroaamino acids are nresem ' ' i -' 

mtrososarcosinc (NSAR) (IARC 1978c) nitmsoT 3 ” The maj ° r Qncs aRf V ' 
nitnosothiopruline) (NTCA) and from and ^ nitro ^ th ^o?,dme Carboxylic acid (* 
4-carboxylic acid (NMTCA) (Bartsch etal 1989^ 0 ^ mtros(> - 2 -n' e % , lhil 2 n Sd m ! i 
NMTCA are formed bv th rea Zr fr Mins, 19911 NTCAand 
followed by nitrosation ° f 

™A and NMTCAt ^£jTT? “ 
adds correlated with urinary n kZ L tr KmSb>m ’ ,991 > Tota ' •*»■* 

but mixed results have been obtained m ml t-" ^ Malaveille *«'■. 19$ 
available data support the concept that h !h ^ 0>l ? kB; ,997 > Collectively, lie 
fomred endogenously in smokers than in & ^ £ orlcentr,llloils of nitrosamines can he 

potential monitor of the endocenrarc mt ^ r Kl<1 (®°‘NNAC) was suggested ns a 

NNAC was found in the urine of four of 20 1011 ° f fllCOtine ( D jordjevic et ai, 1991), iso 
1 b3 ng/day). However no evidence for its"! 8 T**” (at ,Cvek of 44165 ’ 74 * 

mt °^ „ le „ c-d T"” * 


f/lulile nitrosamines 

fow-molecular-weight nitrosamines such as NDMA and A'-nitrosopyrrolidine 
ir ,’YR) (see fARC, 1978d, 1987) are extensively metahnlized, but small amounts of the 
^banged compounds have been quantified in urine (Tricker, 1997), One investigation 
jpd that smokers excreted higher levels of NDMA than nonsmokers (Conney el ai, 
10 ), but two other studies reported no effect of smoking on the amounts of volatile 
(Kisaniines in urine (Mostafa et ai, 1994; van Maanen el at., 1996), 

lfl.ffitrosomeihylamino)-J-(3-pyridyl)-l-butanol, its glucuroniJes and other meta¬ 
files of 4-(N-nitrosomethylamino)-]-(3-pyridy!)-I-butaiione (see Figure 4.1) 
4-(|V-Nitrosomethyl(amino)-l-(3-pyridyl)-l-butanol (NNAL), likeNNK, is a pulmo- 
aty carcinogen with particularly strong activity in the rat (Hecht, 1998). Glucuronidation 
pffJNAL at die pyridine nitrogen gives NNAL-A'-Gluc while conjugation at the carbinol 
oxygen yields NNAL-O-Giuc (Carmella et at. , 2002). NNAL-A'-Gluc and NNAL-G-Gluc 
both e«st as a mixture of two diastereomers and each diastereomer is a mixture of A- and 
j.Kilitmers (Upadhyaya et ai, 2001). The NNAL glucuronides are collectively referred to 
jsKNAL-Gluc. 

NNAL and NNAL-Gluc can readily be determined in urine by gas chromato- 
pphy-thennal energy analysis (GC-TEA) with nitxosamine-seleciive detection 
(Carmella et ai, 1993, 1995; Hecht et ai, 1999a). The presence of these metabolites in 
toman urine has also been established by mass spectrometry methods, but these are less 
convenient and sensitive than GC-TEA (Carmella et ai, 1993; Parsons el ai, 1998; 
..Cimella et ai, 1999; Hecht et ai, 2001). The amounts typically excreted arc about 
\ smol NNAL724 h and 2.2 nmol NNAL-Gluc/24 h (Hecht et ai, 1999a); unchanged 
1-1® is not detected. The investigations of NNAL and NNAL-Gluc in the urine of 
rakers are summarized in Table 4.2. In all studies to date, these biomarkers have been 
jjctind lo be absolutely specific to tobacco exposure and have not been detected in the 
Wine of nonsmokers unless they had been exposed to secondhand tobacco smoke. 
Because NNAL is not present in cigarette smoke (see Section 1), the NNAL and NNAL- 
:C>!nc in urine originate from the metabolism of NNK. Most investigations to date have 
X kruouslrated a correlation between NNAL plus NNAL-Gluc and cotinme. The ratio of 
jr-NNAL-GluctNNAL varies at least 10-fold in smokers and, because NNAL-Gluc is a 
^rFttoxilicalion product of NNK whereas NNAL is carcinogenic, this ratio could be a 
1 , potential indicator of cancer risk (Carmella et ai, 1995; Richie et ai, 1997). In human 
-rile, (R)-NNAL-0-Gluc is the predominant diastereomer of NNAL-Q-Gluc ( 68 %) 
whereas (R)-NNAL is only slightly in excess (54%) over (5)-NNAL (Carmella el ai, 
j% (R)-NNAL is the more tumorigenic enantiomer of NNAL in A/J mouse lung in 
pjuch it is as tumorigenic as NNK (Upadhyaya et ai, 1999). NNAL and NNAL-Gluc are 
'"teased only slowly from the human body after smoking cessation (Hecht et ai, 1999a) 
f “" 1 Ms finding has been linked to the particularly strong retention of (5>NNAl 
[1 Jpadhyaya et al. } 1999) [possibly at a receptor site]. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 4.2. 4-(JV-NRrosomethylainino)-l-(3-pyridyl)-l-butanol (NNAL) and its 
glucuronides (NNAL-Gluc) in urine of smokers: hiomarkers of 4-(Af-nitroso- 
inethylamin(i)-l-(3-pyridyl)-l-liutanone (NNK) uptake 


Study group 

Main findings 

Reference 

It smokers(9F)" 

NNAL (0.23-1 pgt'24 h (1.M.8 nmol/24 h)) and 2 

Carmella etol. 

7 nonsmekers 

diastereomers of NNAL-0-GIuc (0.57-6.5 pg/24 h (1.5-17 
nmol/24 h)) identified in urine of smokers, NKAL-GluC in 

1 It nonsmokers’ urine. NNK not detected 

(1993) 

61 smokers (5 IF) 

NNAL and NNAL-0-Gluc: day-to-day levels stable in 
smokers’ urine; NNAL-Gluc: NNAL ratios fairly stable, 
over a 4-5 day period; range of NNAL-Gluc:NNAL ratios 
0.7-10.8 

Carmella elal. 
(1995) 

11 smokers (6F) 

NNAL + NNAL-C-Gtuc increased by 33.5% (p < 0 01) on 
days 2 and 3 when watercress was consumed compared wild 
baseline period 

Hecht et a\. 
(1995) 

19 smokers 

NNAL-Gluc:NNAL ratio and NNAL pins NNADGluc 
fairly stable over a 2-year period in one individual 

Megere/nf. , 
(1996) 

61 smokers (33F) 

NNAL-Gluc:NNAL ratio higher in Caucasians than African 
Americans 

Richie el at. 
(1997) - 

13 smokers (F) 

tndole-3-carbinol caused significant decreases in levels of 
NNAL and N N AL-GIuc and increased NNAL-Gluc: NNAL 

ratio 

Taioli etai 

(mi) 

30 srpokers (18F) 

Enantiomeric distribution of NNAL, 54% (A-NNAL); 
diastereomeric distribution of NNAL-Gluc, 68% (ii-NNAL) 

Carmella a trl. 
(1999) 

27 smokers (13F) 

NNAL and NNAL-Gluc highly persistenlafter smoking 
cessation: 34.5% of baseline amount remained alter 1 week, 
15 3% after 3 weeks. No effect of nicotine patch use on 
levels or persistence of NNAL or NNAL-Gluc 

Hecht el at. 
(1999a) 

23 smokers (13F) 

Reduction in smoking caused a significant decrease in 
NNAL-Gluc, but not NNAL 

Hurt d at 
(2000) 

20 smokers (M) 

Levels of NNAL and NNAL-Gluc were 1494 + 1090 and 
1724 1 946 pmol/day (mean t SD), respectively 1 

Megeieloi. . 
(2000) 

10 smokers (4 F) 

NNAL-M-Gluc identified in urine, comprises 50 + 25% of 
total NNAL-Gluc 

Carmella el al. 
(2002) 


* Number and letter in parentheses represent number and sex of subjects', F. fertile. M, male 
41 One nonsmoker appeared to excrete NNAL-O-Gluc (-0.7 lip'24 h); the urine of all the other nun- 
smokers were negative. 

1 [In the original paper, numbers given in the text and table were different: data given in the text ait, 
reported here.] 
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In rodents, NNK and NNAL undeigo metabolic oxidation at the pyridine nitrogen 
giving NNK-A-oxide and NNAL-A-oxide, respectively. Both metabolites are less tumo- 
(igenic in rodents than NNK and NNAL (Heck, 1998; Upadhyaya el al, 1999). In 
humans, analysis of the urine of smokers for NNAL-A'-oxide found that it was present at 
lower concentrations than NNAL; NNK-A-oxide was not detected in the urine of 
smokers. Thus, pyridine-A-oxidation is a relatively minor detoxification pathway of NNK 
and NNAL in humans (Carmella el al., 1997). 

4-Hydroxy-4-(3-pyridyl)butanoic acid (hydroxy acid) and 4-oxo-4-(3-pyridyI)btito- 

toic acid (keto acid) are metabolites of NNK resulting from the a-hydroxylation meta¬ 
bolic activation pathway. These metabolites were investigated as potential biomarkers of 
NNK metabolic activation in humans, but they are also formed from nicotine, which is 
1400-13 000 times more abundant in cigarette smoke than is NNK. Since hydroxy acid 
is chiral, it was thought possible that one enantiomer would be formed preferentially from 
NNK, whereas the other would be produced from nicotine. Studies in rats demonstrated 
that this was plausihle (Tnishin & Hecht, 1999). However, hydroxy acid is a more abun¬ 
dant nicotine metabolite in humans than in rats and consequently even the minor enan¬ 
tiomer, as formed from nicotine, was far greater in concentration than that which would 
be produced from NNK. Because of the abundant metabolism of nicotine to hydroxy acid 
and keto acid (see Section 4.l.l,e), these metabolites cannot be used as biomarkers of 
tobacco-specific nitrosamine metabolism in humans (Hecht et al., 1999b; Trushin Si 
Hecht, 1999). 

Products of oxidative DNA damage 

Cigarette smoke contains free radicals and induces oxidative damage (Pryor, 1997; 
Arora et al., 2001), The gas phase of freshly generated cigarette smoke contains large 
amounts of nitric oxide (NO) and other unstable oxidants. The particulate phase is postu¬ 
lated to contain long-lived radicals which are an equilibrium mixture of semiquinones, 
quinones and hydroquinones that causes redox cycling (Pryor, 1997; Hecht, 1999). The 
presence of such free radicals and oxidants can lead to oxidative DNA damage resulting 
in the formation of products such as 8-oxo-7,8-dihydrO-2'-dcoxyguanosine ( 8 -oxodG) 1 , 
[8-hydroxy-2'-deoxyguanosine ( 8 -OHdG)], thymine glycol, thymidine glycol and 5- 
bydroxymethyluracil. Repair of these modified DNA constituents ultimately leads to their 
being excreted in urine. 8 -OHiiG has been quantified frequently in the urine of smokers 
and nonsmokers and the results have been reviewed. Cigarette smoking usually results in 
modest increases in the levels of 8 -OHdG in urine; 16-50% higher than those in non- 
smokers, although negative results have also been reported (Loft & Poulsen, 1998; 
Prieme et al., 1998; Renner el al., 2000; Besarati Nia etai., 2001), Four weeks of smoking 
cessation caused a decrease in the excretion of 8 -OHdG by 21% (Prieme etaL , 1998). A 
longitudinal study showed that intra-individual variation in the levels of urinary 8 -OHdG 


1 Here is an equilibrium (50-90%) between 8-oxo-dG and 8-OHdG The compound will be called 8-OHdG 
“oughout this document. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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was greater than the increase due to smoking, suggesting that there may be a eompj^ 
pattern of factors determining the levels of litis bioaarkcr in urine (Kasai el al, 2091; 
Piiger el al., 20fli). No effect of smoking on urinary concentrations of 5-hydroxyme(hyl. f 
uracil was observed (Pourcelot eld., 1999). \ 

Thioethers and mercapturic acids , 

Conjugation of electrophiles with glutathione ultimately results in the excretion of 
mercapturic acids (//-acetylcysteine conjugates) in the urine (van Doom el til. 197? i 
1981). A method for determination of total thioethers in urine has been applied anmnte- ; 
rous studies comparing smokers and nonsmokers reviewed by van Doom el a!. (198!) 
IARC (1986) and Scherer et al (1996). Cigarette smokers excrete significantly higher ( 
levels of thioethers in urine than nonsmokers. There is considerable interindividua! vana- ■ 
tion when diet, a major source of sulfur-containing compounds, is not controlled {Aringgp 1 

&Lidums, 1988; Scherer etal, 1996). The assay of total thioethers in urine provides do . j 
information about the structure of the electroplviles which are ultimately detected in urine _ 

as conjugates. . . 

More specific methods have been applied to investigate the presence ot mercaptunp j 
acids in human urine (Scherer et al, 2001a): 3-Hydroxypropylmercapturic acid, a likely ■ 
detoxification product of acrolein, has been detected in tile urine ot smokets (Mascte ) 
eta!., 2001). 

Alkyladenines and alkylguanines 

Reaction of alkylating agents with DNA results in the fonnation of alkyladenines and 
alkylguanines among other products (Singer & Grunberger, 1983). Alkylation at the 
3-position of deoxyadenosine t>r at the 7-position of deoxyguanosine weakens the glyco- ; 
sidic bond, which readily breaks either spontaneously or is cleaved by glycosyiases. ultl- 
mately resulting in the excretion of 3-alkyladcnincs and 7-alkylguanines in urine. 

3-Alkyladenines have been more extensively investigated as biomarkers of exposure la 
alkylating agents than 7-alkylgwmms because background levels in urine are expected ts 
be lower. However, substantial amounts of 3-methyladenine occur in the diet (Prevost 
el a/., 1993; Fay el al, 1997). Nevertheless, two controlled studies have demonstrated 
increased excretion of 3-methyladenine in the urine of smokers compared with that o j 
nonsmokers (Kopplin el al., 1995; Prdvost & Shaker, 1996). Background levels of 
3-ethyiadenine are lower than those of 3-methyladenine (Prevast el d, 1993) 
studies demonstrated convincing increases in urinary concentrations of 3 -ethyladetiiirc in 
smokers, indicating the presence in cigarette smoke of an unidentified ethylating agen 
(Kopplin et al, 1995; Prevost & Shuker, 1996). There was no effect of smoking on tie 
concentration of 3-(2-hydroxyethyl)adcnine in urine (Prevost & Shuker, 1996). One popu¬ 
lation-based study found greater amounts of both 3-mdiiyladenine and 7-iwthylgua® 
in the urine of smokets than of nonsmokers (Stillwell et al., 1991) while a second km 
no difference between 3-methyladenine concentrations in smokers and nonsmoKR 
(Shuker et al., 1991). 


Metals 

Large studies in Germany and the USA demonstrated that urinary' cadmium increased 
with age and smoking (Hoffmann el al, 2000; Paschal et al., 2000). The study in the (JSA 
Involved 22 162 participants in the Third National Health and Nutrition Examination 
survey (NHANFS Ill 1988-94), and urine cadmium, expressed either as uncorrected 
(pg/L) or creatinine corrected (jtg/g creatinine), increased with age and smoking (Paschal 
et al, 2000). The German study, involving 4021 adults, found that active cigarette 
smoking was the predominant factor affecting cadmium concentrations in the blood and 
urine of adults. Environmental and occupational exposure to cadmium played only a 
minor role (Hoffmann el al, 2000). These results are consistent with those of other studies 
of cadmium uptake in smokers (IARC, 1993b). The limited data available do not indicate 
consistent significant differences in levels of urinary nickel (IARC, 1990a), chromium 
(IARC, 1990b), or lead (IARC, 1980, 1987) between smokers and nonsmokers 
(Morimoto el al, 1977; Schaller & Zober, 1982; Minoia et al, 1988; Jin el al, 1997; 
Huang etal, 2000). 

Conclusion 

Representative levels {nmol/24 h) of eight urinary biomarkers discussed here are 
summarized in Table 4.3. The amounts of these compounds in urine are generally propor¬ 
tional to the levels of their parent compounds in cigarette smoke, with the possible 
exception of 8-OHdG and 3-ethyladenine, the precursors for which are not known. It 
should be noted that there are a number of established tobacco smoke carcinogens for 
which no urinary biomarkers have been validated. Examples include formaldehyde, 
acetaldehyde, 1,3-butadiene (IARC, 1999t), ethylene oxide and vinyl chloride (IARC, 
1979,1987; Hoffmann etal, 2001). 

Of the urinary biomarkers discussed here, (he following are consistently higher in 
smokers than in nonsmokers: /r-MA, S-PMA, 1-naphthol, 2-naphthol, I-fiydroxypyrene, 
NNAL and NNAL-Gluc, 8-OHdG) 3-ethyiadenine and cadmium. For ail of these bio- 
imrkers, analytical methods with the requisite sensitivity and specificity are available, but 
only NNAL and NNAL-Gluc have high specificity as biomarkers of exposure to tobacco 
smoking because sources other than tobacco smoke, including environmental, dietary and 
occupational exposure, can contribute to the urinary concentration of the other possible 
biomarkers. Because NNAL and NNAUGluc are metabolites of the tobacco-specific 
nitrosamine NNK, they are not found in the urine of nonsmokers unless they have been 
exposed to environmental tobacco smoke (see the monograph on involuntary smoking, 
this volume), ft is possible that other sources, such as nicotine replacement products, 
could, under certain conditions, contribute to the concentrations of urinary NNAL and 
NNAL-Gluc but this has not been demonstrated to date (Hecht el al, 2000). Levels of 
NNAL plus NNAL-Gluc of less than 1 pmol/mL of urine have seldom been observed in 
Jokers whereas the highest levels in nnnsmokers exposed to environmental tobacco 
Smoke seldom exceed 0.4 pmol/mL (Hecht el a!., 2001; Hecbl, 2002b), 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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1 able 43. Representative concentrations of biomarkers in urine of smokers 


Biomarfcer 

Amount: nmol/24h“ 

Precursor 
(see Section 1) 
[ng/cigarette 
smoke] 1 

Reference 

«-MA 

[1100] (153 pg/24h) 

[6000-70 000]; 
r - 0.65 k 

Scherer et at. (2001b) 

I-Najjlufiol 

[73°] (7.03 ng/mL) 

(8.49 jnnol/mol creatinine) 

[2000-4000] 

Kim etal. (1999) 

3-Hydroxyphenamhrene 

[3.1] (598 ng/24 h) 

[85-620] 

Jacob eial, (1999) 

l-Hydroxypyrene 

1,6 (035 jig/24 h) 

[50-270] 

Scherer ad. (2000); 
Hecht(2002b) 

/rarfl-anti-BaP-tetraol 

[0.0008] (0.5 finol/mL) 

3,2 a 

Pi 

Simpson etal 12000) 

NNAL + NNAL-GIuc 

[100-200] 

Hecht era/. (19 : | 

8-OHdG 

25 

? 

Pilger etal. (2001) 

3-Ethyl adenine 

[0.85] (16-139 ng/24 h) 

9 

Kopplmdu/.(1995) 


h f 1> Calculated by the Working Group, on the basts ot data given in the cited reference; 

JMV1A excretion was significantly correlated with the number of cigarettes smoked per day. 
'Estimate based on 1.5 L urine excreted per day 

d NNAI/14 h = 944 pmol; NNAL-Gluc/24 h =• 220() pmol; NNAL+ NNAL-01uc-3144 pmut 
24 h = 3.2 nmoi/24 h; correlation with nicotine, r ~ 0.44 

ff-MA, rrampww-muconic acid; BaP, benzoMpyrene; NNAL, 4-(/V-nitrosomdhylamiito)-l-{>. 
pyridyl)-l-butanol; NNAL-Gluc, NNAL glucuronide, 8-OHdCl, S-ltydruxy-Z'-deoxyguanosint; 

?, unknown *■*: 


(ii) Protein adducts in human tissues (blood) 

Although proteins are not the target molecules for mutagenic events, protein mtxS 
cations can be useful biomarkers because of the greater abundance of proteins thin o’ 
DNA and the fact that protein modifications are not subject to enzymatic repair. The rate 
of turnover of the proteins and/or of the cells that harbour litem implies that carci¬ 
nogen protein atiducts can provide evidence of exposure on a time-scale of up to several 
months. In theory, haemoglobin, serum albumin, histones and collagen are suitable 
proteins to study for this purpose (Skipper et d., 1994), but in practice only haemoglobin 
and albumin have been extensively studied as biomarkers of human exposure to environ¬ 
mental carcinogens. 

Protein adducts are generally detected in one of three ways: 

— mass spectrometric detection of the carcinogen moiety after its release from 
protein by mild acid or base hydrolysis, or release and detection of the modified 
jV-terminai valine of haemoglobin; 

— immunochemical analysis using antibodies raised against protein adducts; and 

— HPLC with fluorescence detection of the released carcinogen (Phillips & Farmer, 
1995). 
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fhe use of protein adducts as biomarkers of human exposure to carcinogens has been 
extensively reviewed elsewhere (Strickland etal, 1993; Skipper et ai, 1994; Wild & 
pisani, 1998; Poirier etal, 2000), 

The entire literature on smoking-related protein and DNA adducts in human tissues 
has been produced since ihe previous IARC evaluation of tobacco smoking (IARC, 
1986 ). These studies are summarized below. 

adducts formed by aromatic amines 

. in an early study of 22 smokers and 24 nonsmokers, 4-ABP-haemogIobin adducts 1 
#ere measured by GC-MS. The adduct levels of smokers were significantly higher than 
timse of nonsmokers and there was a significant correlation with average number of packs 
smoked per day. It is noteworthy that the range of values for smokers (75—256 pg/g 
haemoglobin) did not overlap with that for nonsmokers (7-5 i pg/g) (Perera et al., 1987). 
The absence of overlap was also reported in another study involving 19 smokers (mean, 
154 pg/g) and 26 nonsmokers (mean 28 pg/g), the difference between the two groups was 
highly significant (p < 0.001). The finding of detectable levels of adducts in all the non- 
smokers is consistent with the existence of environmental sources of 4-ABP other than 
tobacco smoking (Bryant et aL 1987). 

In a group of male volunteers from a case-control study of bladder cancer in Turin, 
Italy (Vmeis et al., 1984), haemoglobin adducts of 15 different aromatic amines were 
measured in nonsmokers and in smokers of blond- or black-tobacco cigarettes. The 
smokers of blond tobacco (n - 40) and black tobacco (n = 18), and three subjects who 
smoked both types, had significantly higher levels of 4-ABP adducts than 25 nonsmokers. 
furthermore, adduct levels were significantly higher (40-50%) for smokers of black 
tobacco (mean, 288 pg/g) than for those of blond tobacco (mean, 176 pg/g). Adduct levels 
werefound to be correlated with amount smoked per day for all smokers (p =0,0015) and 
this correlation was also significant for smoking blond tobacco only {p - 0.0074). Of 
other aromatic amines, the levels of 3-ABP adducts were also significantly elevated in 
smokers (p < 0.0001) and associated with numbers of cigarettes smoked by the blond 
tobacco users (p ~ 0.02). The levels of adducts derived from a further five aromatic 
amines, 2-naphthylamine, crr/itMoluidine, /wra-toluidine, 2-ethylaniline and 2,4-di- 
methylaniline, were significantly higher m the smokers, while those of me/n-toluidine, 
25-, 2,6-, 23-, 35- and 3,4-dimethylaniline and 3- and 4-ethylaniline were not (Bryant 
etal, 1988). In a subsequent analysis, the authors sought explanations for variability 
observed between individuals. There appeared to be a distinct difference between the 
levels measured for the binuclear compounds and those obtained with the mononuclear 
compounds. Correlations between the levels of the three binuclear amines (2-naphthyi- 
Snine, 4-ABP and 3-ABP) were significant (p < 0.05) and 49/54 of the correlations 

1 [Aminobiphetiyls in tobacco have been implicated in bladder cancer etiology in smokers. 3- and 4-ABP- 
kemoglobin adduct levels are considered valid biomarkers of the interna! dose of ABP to the bladderfProbst- 
hensch ad, 2000).] 
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between different mononuclear amices were significant, but only 2/33 correlations ' levels aflcl lu " g cancer ( Weslon a ^->[The control group may have biased the 

between a binuclear and a mononuclear amine were significant. These results suggest the results.] However, in a case-control study of bladder cancer, the mean adduct level in the 

existence of two distinct pathways of metabolic activation of aromatic amines and explain ■ cases (n = 13, all smokers) was significantly higher than in the controls (n = 13, all 

a part, hut not all, of the interindividual variation in adduct levels observed (Roncoe/o^ l smokers) (103 ± 47 [SD] and 65 + 44 pg/g haemoglobin, respectively; p = 0.04) (Del 

1990). .’. 1 Santoro/, 

As part of a validation exercise in a study of 4- and 3-ABr-haemoglobin adducts in 1 The levels of 4-ABP-haemoglobin adducts were also significantly higher in pregnant 
nonsmokets exposed to secondhand smoke (see the monograph on involuntary smoking, women who smoked («= 15) than , in those who did not (n - 40) (183 + 108 and 

this volume), seven smokers who quit were monitored on the day they stopped smoking 22 ± 8 pg/g haemoglobin; p <0.001), respectively, in a study in which levels ofthe adduct 

and again at. least 2 months later The mean levels of 4-ABP adducts fell by 75% from in fetal blood were also measured (see the monograph on involuntary smoking, this 

130-4 pg/g at baseline to 33.3 pg/g and the mean level of 3-ABP fell by at least 89% (from ■ volume) (Coghiin el d, 1991). Similarly, a study of 74 nonsmokere and an equal number 

16.0 pg/g to a baseline of 1.7 pg/g) (in four cases levels of 3-ABP fell below the limit 0 f of smokers measured paired maternal-fetal blood samples. The levels of 4-ABP-haemo- 

sensitivity ofthe assay) (Maclure et d, 1989). A further study of smokers enrolled at i j globin adducts were significantly higher in the smokers, and the ratios of adduct levels in 

cessation clinic found dial the 34 subjects starting the programme had a mean level of \ : maternal and fetal cord blood were found to be similar to those reported in the previous 

4-ABP-hactnoglobin of 120 + 7 (SE) pg/g which declined to 82 ± 6 pg'g after 3 weeks, < study. There was also a correlation between adduct levels in maternal blood and number 

In the 15 smokers who remained abstinent after 2 mouths, the level was 34 ±5 pg/g. The ofeigarettes smoked per day (Myers el ai, 1996). 

rate of decline was slightly more rapid than would be expected from the assumption that . 1 " In another study comparing 27 pregnant women who smoked with 78 who did not, 

erythrocytes have a lifespan of 120 days. There was little correlation between plasma coti- j . significantly higher levels of haemoglobin adducts of 3-ABP (p < 0.001), 4-ABP 
nine levels and haemoglobin adducts (Maclure el a!., 1990). Similar findings wen (p< 0.001), ortfo-toluidine (p < 0.001), /wra-toluidine (p < 0.001) and 2,4-dimethyiani- 

reported from another study of smoking cessation. The mean level of haemoglobin ^ line (p< 0.05) were found in smokers than in nonsmokers (Brannereto/., 1998). 

adducts at baseline was font-fold higher than the mean value 8 months later. Depending . A study of smokers and nonsmokets, in which an analysis of the haemoglobin adducts 
on the model used, the half-life of the adducts was estimated to be 7-12 weeks (Mooney ■ of several aromatic amines was made, revealed significantly higher levels in smokers of 

eta!, 1995), j those adducts formed by 4-ABP (p< 0.001), 3-ABP (p< 0.001) and 2,4-dimethylaniline 

In a study of 50 nonsmokers, 31 smokers of blond tobacco, 16 smokers ofblack (p< 0.05), but not of those formed by aniline, ortfeMoluidine.mefa-toluidine.partf-tolui- 

tobacco and three pipe smokers, the relationship between smoking blond or black tobacco dine, 2-ethylanilinc or ort/io-anisidine (IARC, 1999g). Fot many of these comparisons, 

and 4-ABP-haemoglohin adduct levels was confirmed (p = 0.0001 in both tests). A linear : the number of subjects was small (4-22 smokers, 4-16 nonsmokers) (Falter el al ., 1994). 

relationship between adduct levels and the numbers of cigarettes smoked in the preceding Comparisons of 3- and 4-ABP-haemoglobin adducts in three different racial groups 

24 h was also observed. Furthermore, when the subjects were divided into slow and rapid ' | (white, black and Asian) led, as expected, to the detection of higher levels of both adducts 

acetylators (by measuring their urinary excretion of caffeine after administration of a test , in 61 smokers than in 11 nonsmokers (these levels were highest in whites, intermediate 

dose), it was found that the ratio of adduct levels in slow acetylators to that in rapid i in blacks and lowest in Asians). There was also a correlation with the numbers of ciga- 

acetylators was 1.6 fot nonsmokets, 1.3 for blond-tobacco smokers and 1.5 for black- ; rettes smoked per day (p < 0.0005). Subjects from all three ethnic groups with Ihe slow 

tobacco smokers. This approximates to the estimated relative risk ofthe slow acetylator acetylator phenotype had higher adduct levels than those in rapid acetylators (2.5-fold 

phenotype for bladder cancer of 1.3 (95% Cl, 1.0-1.7) (Evans, 1986; Vincis ei ai, 1990). j higher for 3-ABP, p < 0.0005; 1.2-fold higher for 4-ABP, p = 0.19) (Yu el ai, 1994). 

A blither study of this group, as well as confirming these findings, also found that urinary Differences in the levels of 3- and 4-ABP-haemOglobin adducts between men and 

mutagenicity was associated with the number of cigarettes smoked, but not with the women have also been reported. When plotted against number of cigarettes smoked per 

acetylator phenotype (Bartsch el d, 1990). Subsequently, 4-ABP-haemoglobin adduct v day, die slopes of the linear regression lines of adduct levels were significantly sleeper for 

levels in2l nonsmokers, 11 blond-tobacco smokers and seven black-tobacco smokers Women tlian for men in a cohort of 1514 patients with bladder cancer and 1514 matched 

were found to correlate with the total amount of DNA adducts in exfoliated urothelial cell' ^ controls (p < 0.001 and 0.006 for 3-ABP and 4-ABP, respectively) (Castelao el al., 2001). 

(/i = 0.03) (Talaska et ai, 1991b). In a group of 55 smokers and four nonsmokers, the levels of 4-ABP-haemoglobin 

In a case-control study of lung cancer with 53 cases (23 smokers) and 56 controls adducts were related to the number of cigarettes smoked, although saturation of adduct 

(18 smokers) (33 with non-cancer pulmonary disease and 23 with non-piilmonaty cancel fermahon was apparent at > 30 cigarettes/day GSTMI mANATl polymorphisms did not 

levels of 4-ABP-haemoglobin adducts were higher in smokers than in nonsmokets and ’ affect the levels of haemoglobin adducts (Dallinga el al, 1998). The same authors investi- 

reflected recent exposure to tobacco smoke. There was no association between addvc f , gated other genetic polymorphisms in 67 smokers and found no overall effects of poly- 
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morphisms in NATI, NAT2 , GSTM1 or GSJT1 on 4-ABP-haemoglobin adduct levels, 
except that in smokers of < 25 cigarettes/day, NAT2 slow acetylators had significantly 
higher adduct levels than fast acetylators Ip = 0.03) {Godschalk el al., 2001). 

Another study also reported that NAT2 slow acetylators had significantly higher level;, 
of 4-ABP-haemoglobin adducts than rapid acetylators, but there was no association 
between the NATI *11) genotype and the levels of 3- or 4-ABP-haemoglobin adducts, after 
adjustment for NAT2 phenotype. As in previous studies, smokers had significantly higher 
levels of 3- and 4-ABP-haemogiobin adducts than nonsmokers and the levels increased 
with increasing numbers of cigarettes smoked per day (p < 0.0001) (82 smokers, 321 
nonsmokers) (Probsl-flcnsch era/., 2000). 

Adducts formed by polycyclic aromatic hydrocarbons ’ 

In a study involving 87 mothers and their 87 children in which PAH-albumin adducts 
in the plasma were investigated as a biomarker of the children’s exposure to secondhand 
smoke from smoking by their mothers (see the monograph on involuntary smoking, this 
volume), it was also noted that adduct levels were significantly higher in the mothers who 
smoked than in those who did not (Crawford etal., 1994). • . * j 

A GC-MS method was used to measure beirzo[a]pyrene-diol epoxide (BPDEj-gLobin 
adducts in 10 smokers and 10 nonsmokers. Subjects were also monitored for formation of 
globin adducts of chrysene diol epoxide. In both cases the procedure involved measure¬ 
ment of the respective tetrols of PAHs released from globin by acid hydrolysis. Levels of 
BPDE adducts in smokers were 2.7-fold higher than those in nonsmokers (p < 0.01); 
although the levels of the chrysene diol epoxide adducts were 1.25-fold higher in smokers, 
this difference was not statistically significant (p = 0.06) (Melikian et al., 1997). 

BPDE adducts with both haemoglobin and serum albumin were determined by 
GC-MS of tetrols released by acid hydrolysis iu a study of 44 men with incident lung 
cancer. Individuals who were positive for haemoglobin adducts (n = 6) all had detectable 
albumin adducts, but not vice versa (24 subjects were positive for albumin adducts). 

Those who were carriers of a CYPIA1 variant allele were more frequently positive for 
albumin adducts Ip = 0.03) and those with two ‘slow’ mEH alleles had a lower frequency 
of these adducts (Pastorelli et al., 1998). 

In another study, 27 smokers were found to have significantly higher levels of BPDE- 
albumin adducts (p < 0.05} and non-significantly higher levels of BPDE— haemoglobin 
adducts than 42 nonsmokers (Scherer el al., 2000) (see also the monograph on involuntary 
smoking, this volume). 

Adducts formed by tobacco-specific nitrosamines (TSNA) 

Treatment of NNK- or NNN-haemoglobin adducts with mild bases releases ,, 
4-hydroxy-1 -(3-pyridyl)-! -butanone (HPB), which is derivatized to its pentafluoro- 
benzoate, which is detectable by GC-MS after purification. The mean value in 40 sib 0 * „ 
kers was 79.6 ± 189 fmol HPB/g haemoglobin (undetectable in 11 individuals; limit of 
detection, 5 ftnol/g), whereas that in 21 nonsmokers was 29.3 ±23.9 fmol/g (undetectable 
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in four individuals) [statistical significance not stated]. The HPB levels in 22 snuff 
uppers were 517 ± 538 fmol/g, i.e. significantly higher than those in smokers 
(p < 0.0001). No relationship was apparent between HPB levels in smokers and levels of 
plasma cotinine or number of cigarettes smoked (Camiella el al., 1990). 

In a comparison of 20 smokers and 15 nonsmokere, the HPB levels derived from 
haemoglobin were significantly higher in smokers (69.2 ±43.9 versus 34.4 ± 16.0 ftnol/g 
haemoglobin; p < 0.005) (Falter el al, 1994). 

In another study of 18 smokers and former smokers and 52 never-smokers, the levels 
of HTB-hacmoglobin adducts were significantly higher in the smokers (26 ± 12 [SD] 
finol HPB/g haemoglobin) than in never-smokers (19 ± 8 fmol/g) (p - 0.02). No diffe¬ 
rences were found between the sexes or between current smokers and former smokers 
[duration of smoking cessation not stated] (Atawodi el al. , 1998). 

Significantly higher levels of haemoglobin adducts of TSNA (p < 0.001) were found 
ia pregnant women who smoked than in pregnant women who did not smoke (Brenner 
el at. , 1998). 

Adducts formed by other compounds 

Ethylene (1ARC, 1994b) is a major gaseous constituent of tobacco smoke that 
converts, via ethylene oxide, the A-terminal valine of haemoglobin to lV-(2-hydroxy- 
ethyl)valine (HOEtVal). The level of this adduct correlates linearly with the alkylating 
activity occurring in DNA: 10 pmol HOEtVal/g globin corresponds to 0.33 pmoi adduct/g 
DMA (Farmer el al., 1987, Bono et al., 1999). In 11 smokers who smoked more than 20 
cigarettes/day, the levels of HOEtVal in haemoglobin were in the range 217-690 pmol/g 
haemoglobin (mean + SD, 389 ± 138), whereas in 14 nonsmokers the range was 
27-106 pmol/g (58 ± 25). It is noteworthy that there was no overlap in values between the 
two groups (Tomqvist et al., 1986). In a controlled experiment, two volunteers who were 
regular smokers (of 29 and 18 cigarettes/day, respectively) abstained from smoking for 
7 days and then resumed, From the measurements of levels of HOEtVal before stopping, 
7 days after stopping and 7 days after resuming, the investigators calculated that in the 
smoker of 29 cigarettes/day, each cigarette smoked increased the level of HOEtVal by 
9.12 pmol/g globin. For the smoker of 18 cigarettes/day, the increase was 0.08 pmol/g 
(Granath et al, 1994). 

In a study of 26 smokers and 24 nonsmokers, the background levels of HOElVal in 
fc nonsmokers averaged 49.9 pmol/g haemoglobin (range, 22-106). In the smokers, the 
levels were significantly higher by an estimated 71 pmol/10 cigarettes/day (Bailey et al., 
1988), 

As part of a maternal-fetal comparison of HOEtVal in haemoglobin (see the mono- 
; kmph on involuntary smoking, this volume), samples from 10 pregnant women who did 
wt smoke and 13 pregnant women who smoked 15 or more cigarcttes/day were analysed, 
i. 1 n nonsmokers, 63 + 20 (mean+SD) pmol/g haemoglobin were measured, whereas in the 
1 'Wokeis, the levels were 361 + 107 pmol/g Ip < (1,01) (Tavares etal., 1994). 

F 
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111 a study of 146 adults (82 men and 64 women), 44 smokers were reported to have 
significantly higher levels of HOEtVal in haemoglobin than did 74 nonsmokers and 29 
self-reported passive smokers (mean ± SD: 59.5±53,17 + 21 and 17+23 pmol/ghaema. 
gSobin, respectively). Linear regression analysis of adduct levels and the number of cigj. 
rettes smoked per day showed a highly significant correlation coefficient (z-0.63, 
p < 0.0001). The adduct levels were also significantly higher in men than in women (m<s» 
value 2,2-foid higher,/; = 0.00001) (Bono el d, 1999). 

Ethylene oxide is a substrate for GSTTI. To determine whether polymorphisms in 
GSTTI modulate HOEtVal formation, blood samples from 10 women (one smoker) and 
17 men (five smokers) were analysed. The median level of the adduct was 5.6-fold higher' 1 
in smokers than in nonsmokers, but no correlation with daily cigarette consumption was 
found. GSTMI and GSTTI genotypes did not influence the adduct levels in the smoketj, 
although the GSTTI genotype did influence the adduct levels in nonsmokers (a two-fold 
higher median HOEtVal value was detected in GSTTV-nult individuals than in GSTTI- , 
positive individuals) (Muller el at., 1998). 

The effect of GSTTI was also investigated in a study involving 14 nonsmokers, 16 $ 
smokers of one pack of cigarettes a day and 13 smokers of two packs a day. HOEtVal 
levels increased with increasing number of cigarettes smoked, and the differences * 
between the three gronps were statistically significant. In addition, levels of N-( 2-cyaw- e. 
ethy!)valine (CEVal), which is formed from acrylonitrile, were also significantly corre¬ 
lated with increasing smoking in these subjects. HOEtVal and CEVal levels were found to 
be significantly correlated in smokers {p - 0.003). There was no effect of GSTMI or 
GSTTI genotypes on the levels of CEVal in any of the groups or of GSTMI on HOEtVal 
levels; however, GSm-null individuals had higher levels of HOEtVal compared with ... 
OT77-positive individuals (slope of regression line 50% higher) (Fennell et al, 2000) 

A study of the effects of exposure to acrylamide and acrylonitrile in laboratory 
workers (smokers and nonsmokers) included the measurement of ethylene oxide^,$ 
haemoglobin adducts. The mean levels of adducts from acrylamide, acrylonitrile and 
ethylene oxide in 10 smokeis were 116,106 and 126 pmol/g, respectively; these levels 
were significantly higher than those in eight nonsmokeis (31, < 2 and 17 pmol/g, respec¬ 
tively). In smokers, the levels of acrylamide, acrylonitrile and ethylene oxide adducts ; 
correlated with the number of cigarettes smoked per day (Bergmark, 1997). 

Two other studies have reported on acrylonitrile-haemoglobin adducts in smokers, ll 
die first, four smokers had 75-106 pmol CEVal/g haemoglobin (mean, 88) whereas in four 
nonsmokers the levels were all below the limit of detection of 20 pmol/g (Oslem®- . 
Golkar el al., 1994). In the second study, 13 mothers who smoked had adduct levels in « 
range 92.5-373 pmol/g haemoglobin (mean ± SD: 217185.1), but the levels m 10 non¬ 
smoking mothers were below the limit of detection (1 pmol/g). In the smokers, there W 
a linear correlation with number of cigarettes smoked per day (p = 0.02) and also with W • 
levels of die adducts in their newborn babies (see the monograph on involuntary smote. i 
this volume) (Tavares el al, 1996). j 


A study was conducted in 43 Chinese workers exposed to benzene and 44 unexposed 
controls. The haemoglobin and albumin adducts of two metabolites, benzene oxide and 
1,4-benzoquinone, were measured in these subjects. Tobacco smoking was found lo have 
an additive effect on 1,4-benzoquinone-albumin formalion (p = 0.034), hit not on 
benzene oxide-albumin formation (p = 0.23) (YeoweII-0’Connell el al., 2001). 

Human haemoglobin contains relatively high background levels of JV-inethylvaline, 
which could limit its sensitivity as a biomarker of exposure to environmental carcinogens. 
However, in a study of 11 pairs of monozygotic twins discordant for tobacco smoking, 
both HOEtVal and V-methylvaline were found to be higher in the smokers than in the 
nonsmokers. In the smokers the levels of HOEtVal and V-methylvaline were 143+24 
(mean + SE) and 268+ 13 pmot/g haemoglobin, respectively, and in the nonsmokers 
15.6 i 1.9 and 225 + 11 pmol/g, respectively. Thus, the levels of iV-methylvaline adduct 
were significantly different 'between smokers and nonsmokers (p = 0.006) and there was 
a highly significant correlation with the number of cigarettes smoked per day (p < 0.001} 
(Tomqvist el a/., 1992). 

Similarly, levels of A'-methylvaline were found to be higher in a group of 32 smokers 
than in a group of 37 nonsmokers (mean + SD: 1546 ± 432 versus 1175 + 176 pmol/g 
haemoglobin; p < 0,001); for the smokers there was also a linear correlation between 
adduct levels and the number of cigarettes smoked per day (p < 0.001). An increment of 
42 pmol/g haemoglobin per cigarette per day was calculated. A significant difference 
between smokers and nonsmokers in levels of HOEtVal was also observed in this study 
(Bader el al., 1995). 

Because cigarette smoke contains reactive species that can cause oxidative and nitra- 
tive damage in cellular macromolecules, samples of plasma protein from 52 lung cancer 
patients (24 smokers, 28 nonsmokers) and 43 control subjects (18 smokers, 25 never- 
smokers) were analysed for nitrotyrosine and carbonyl groups as markers of nitration and 
oxidation, respectively. The quantities of nitrated proteins were significantly higher in the 
patients than in the controls (p = 0.003), but were not related to smoking status. In 
contrast, the amounts of oxidized proteins were higher in smokers (p < O.OOi), but were 
not related to disease status (PignutelK etai, 2001). 

(iii) DNA adducts and other types of DMA damage in human 
tissues 

Hie induction of DNA damage, frequently in the form of chemically stable adduct 
formation, is an early and essential step in the sequence of events by which gcnotoxic 
rarcinogens initiate the carcinogenic process. The detection of DNA adducts in human 
fissues is therefore a useful and appropriate means to assess human exposure to such 
and several different procedures have been used for this. 

I -Postlabelling analysis, in which DNA is digested and the resultant carci¬ 
nogen-modified nucleotides arc radiolabelled enzymatically with p 3 P ]oriho- 
phosphate, provides a sensitive method that requires no prior knowledge of the 
structures of the adducts formed. A common feature of the pustlabelled DNA 
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obtained from cells or tissues exposed to complex mixtures of carcinogens, surf, 
as tobacco smoke, is the appearance of a diagonal radioactive zone (DRZ) sec, 
when the materia! is resolved by two-dimensional thin-layer chromatograph 
Although the material in the DRZ has not been fully characterized, its property 
are compatible with those of a complex mixture of aromatic and/or hydrophob e 
DNA adducts. , t 

• Another method used to detect DNA adducts in human tissues employs antibody 

raised against DNA or nucleotides modified by various carcinogens. Imm™^ 
histochemistry allows locating of adducts within a tissue specimen and roeasutc- 
ment of the intensity of fluorescent staining permits a semi-quantitative estimate 
of adduct levels. p- 

• Fluorescence detection of adducts in DNA, Or of products released from DNAby 
hydrolysis, has been used for carcinogens that have strongly fluorescent pro¬ 
perties, for example PAHs. 

• Mass spectrometry has been used for the chemical-specific detection of certain 
adducts in DNA samples. 

• Electrochemical detection has been used for some smaller DNA lesions, [<s 

example 8 -OHdG, formed in DNA by oxidative processes. . . ••T'J 

The uses, shenglhs and limitations of the various techniques have been extensively 
described (Beach & Gupta, 1992; Strickland el at., 1993; Weston, 1993; Phillips, 1991; 
Kriek el al„ 1998; Wild & Pisani, 1998; Poirier el al., 2000). Earlier studies of tobacco: 
related DNA adducts in human tissues have also been reviewed (Phillips, 1996). 

Respiratory tract 

Lung and bronchus 

Many studies have been published comparing the levels and characteristics of DN) 
adducts in the lung and bronchus of smokers and nonsmokers. These studies are s nnt 
marized in Table 4.4. ** 

b most of these studies, significantly elevated levels of DNA adducts were detected 
in the peripheral lung, bronchial epithelium or in cells obtained by bronchial lavage oftht 
smokers. This is the case for total bulky DNA adducts (as detected by the 5 j P-post!abe!Iiit& 
method) and for DNA adducts detected by more chemical-specific methods including 
HPLCVIloorescence andGC-MS. However, the levels of4-ABP-DNAadducts in lung did 
not correlate with smoking status (Culp et ai, 1997). In some shidies in which smoking 
status was not known, but was inferred from plasma cotinine levels (indicating sntokinf 
habit at the time of death of the subjects), there was a poor correlation with the detection 
of only one specific type of adduct, such as 7-methyIdeoxynboguanosine (7-MedG) (K* 
et al, 1995; Blomeke el at., 1996) or those formed by benzo[a]pyrene (Weston 4 
Bowman, 1991; Rato et a !, 1995). * 

Some studies have found a linear correlation between adduct levels and daily or lift) 
time consumption of cigarettes (Phillips et al., 1988, 1990a; Dunn et ai, 1991; Asa® 
et at., 1997) but, in other studies, no such relationship was found (Gudschalk et ah 19" < 


s 

o 

i- 

© 

E 

I 

c 

0 

Z 


*0 

c 


Oil 

e 

3 


S 

£ 

3 

A 


9 

•O 

■o 

t 

o 


3 « 

3 “ 

EJ 

A .5 
0 U 

’ll 

2 a 
w S 

1 « 

a 
«« 
H 5 


TOBACCO SMOKE 


1033 


§2 
C C 

<s 

l a 

M O 


| i 

£ “g. 

-O c "S 
- fS «a 


* 


- u 

£ a 

(I) u 


2 fi 

CL k 
V 

7 -C 

o g 
■0 0 


S , 4> O w KG 

o A 73 O — ^ 


jt- 1 - 

I *2 


■a 


_ Ai 

Q G U 

5 £ 
°22 j! 

C U r, 

I 8.1 

u tei C 

S ~ fi 

a a 


c § 

Oil 

— 

CL 
44 JC 


-a « 

5 £ 
2 G 

u u 
TJ qj 

N g 

t£ « 
Q £ 


0 2 


X 
v- O 

I g 
I s 

E 0 

un a 


u 

1 s 

# c! 

1 > " O 

0 g § 

111 

r—, f'- V] 


S IU 
V 


a a 

C fc 

4 £ 


•Eg 3 

I 8 R 

W * * 

£ C u 

- 1 - U t> 

* 

I ii 

!=i 

■S'e a 

:< s 

b « “ 
* "S 

£0 = 

M 

C rt 


t- ■O 

77 <; ta 


« e I 

rj- CO C 


jj O C J] ^ 

S 3 L. o g 

'5 ^ £ S « 

^ ^ ft ^ 

3 e «"5 s 

P - ,i t g 

y U te o 3 

t 3 Q W, o 

3 ^ C. o an 

c, a Q- Q 

0 v «fl . £ 

•SD W 2 » 
e I 

£ pj 


« g -5 


U _ M 

4 

^ 4 1 ) 

t> u 

3 J4 T3 
*0 P c 
-a c a 


Q te c 
Jj ft, BW 3 




•O _ 
« c ^ 


2 I Ilf 

0 5 3 -a JB 


e E 


2 *3 c 

" 0 c 
u ^ 

if.I 
,0 > w 
^ ii >. 

o' - !,— 1 

? 2 fl 

tf S $3 

ri ^ c 
f c si 

I *>3 

E 5 Q 
» - 

"3 ^ 3 
s » 0 

o ^ ^ 

g o o 
i g u 
1 ) g Jd 

|S§ 

0 3 w 
N o x 

Q ? 


S >x 

W — 
u fi 

i! 


C'l 3 
- O 

a u 

8 5 
X 

■» o 

on > 


3 3 
„ -o 

al "5 

E 

5 E £ 


0 w 

■sH 


C te 

3 '9 


: a ,S E 


i-a e 1 § 

“ 0 o w c 

g « S c — w 

C c E f .. iu 

cS 2 w 3 5 


g si 

c Sr 0 l. 


o o 't; 


■St — 

fill 


•3 2 
> E 


g £ 
J £ 


rt O' 

a w 


I ^ 

! E | 

*£« J 

5 3 5 0 

R c w ^ 

J <!1« 03 


0 - J 

S [£] 


£ C 
a/) C 




=; ax 

■p 7x 


u a 

8 § 

J- O' 


3 W 

a - 


S 

O 

to 

CM 

05 

CO 

CO 

O 

O 

CO 




Table 4.4 (contd) 


Study 

Tissue 

Method of analysis 

Number of subjects 

Foiles et al. 
(1991) 

Lung, tracheo¬ 
bronchus 

GC-MS for 4- 
hydroxy-1 -(3- 
pyridyl)-1 -buianone 

after acid hydrolysis 

9 smokers, 8 nonsmokers 
(lung); 4 smokers, 

4 nonsmokers (bronchus) 

Geneste et al. 

(1991) 

lung 

32 P-Postlabellin g 

19 smokers 

4 former smokers 

Izzotti et al. 
(1991) 

Alveolar 

macrophages 

Synchronous 

fluorescence 

spectroscopy 

16 smokers 

4 recent smokers 

6 former smokers 

13 nonsmokers 

Weston & 
Bowman (1991) 

Lung 

Synchronous 

fluorescence 

20 adults 

5 infants 



spectroscopy 


Alexandrov 
etal. (1992) 

Lung 

HPLC/fluorescence or 
32 P-postlabelling 

1 1 smokers 

2 former smokers 

Routledge et ah 
(1992) 

Lung 

32 P-Postlabelling 

1 6 smokers 

7 former smokers 

14 nonsmokers 

Gallagher et al. 
(1993a) 

BAL cells 

32 P-PosiLabelling 

5 smokers 

1 1 nonsmokers 

Mustonen et al. 
(1993) 

Bronchus 

32 P - Po s tl abcll in g 

1 3 smokers 

7 nonsmokers 


x 



Outcome 


TSNA-DNA adducts measured by HPB levels were 
higher in smokers for both tissues studied (lung, 11 ± 16 
versus 0-9 ±2.3 fmol/mg DNA, 7/9 positive versus 1/8 
in nonsmokers; iracheobronchus, 16 ± 18 versus 0.9 ± 

1.7, 2/4 positive versus I /A). 

Smokers had significantly higher adduct levels, which 
correlated with AHH inducibility 

BPDE-DNA detected in 84.6% (11/13 pooled from the 
16) smokers and 2/4 recent smokers, but not in former or 
nonsmokers 

BPDE-DNA adducts detected in 6/25 samples; levels 
did not correlate with serum cotinine levels. 

BPDE-DNA detected in 9/11 smokers and 2/2 former 
smokers. Linear correlation noted between the 1 adduct 
methods 

Adduct levels significantly higher in smokers and 
former smokers than in nonsmokers 


Adduct levels 1.7-fold higher in smokers 

7 -Methylguanine—DNA adduct levels were significantly 
higher in smokers than in nonsmokers. For 5 smokers, 
lung adduct Levels correlated with lymphocyte adduct 
levels. 


Table 4.4 (contd) 


Study Tissue Method of analysis Number of subjects Outcome 


Schoket et ah Bronchus 

(1993) 


Rybcrg et al. Lung 

(1994) 


Kato et ah Lung 

(1995) 


Sherman et ah B AL cells 

(1995) 


Wiencke et al. Lung 
(1995) 


32 P-PostLabelling 


45 smokers 
37 former smokers 
16 nonsmokers 


52 P-PosUabelling 49 smokers (38 male) 

14 nonsmokers (7 male) 


i2 P-Postlabelling 


90 autopsies 


DNA single-strand 1 1 smokers 

breaks by fluor- 1 1 nonsmokers 

escence analysis of 
DNA alkaline 
unwinding 

32 P-PostlabeIling 6 smokers 

l 0 former smokers 
(£ 1 year) 

15 former Smokers 
(> 1 year) 


Levels in smokers and short-term former smokers were 
significantly greater than in long-term former smokers 
and nonsmokers. Weak association found between 
adduct levels and daily cigarette consumption 
Significantly higher levels of adducts in smokers than 
nonsmokers. Women had higher levels than men after 
adjusting for smoke exposure. Linear regression analysis 
showed that adduct levels are inversely related to the 

number of years of smoking among male lung esneer 

patients. 

There was no correlation between levels of adducts 
(7-MedGMP or PAH-dOMP) and serum cotinine levels. 
Higher 7-MedGMP levels were associated with CYP2E1 
minor alleles {p = 0.05) and CYP2D6 genotype 

(p = 0.01). 

Alveolar macrophages from smokers had 35 ± 3% 
double stranded DNA, as against 41 ± 5% for 
nonsmokers. 


Correlation with adduct levels in blood mononuclear 
cells (mean value 2.5-Fold higher in lung) 


3006392508 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 4.4 (contd) 


£ 


Study 

Tissue 

Method of analysis 

Number of subjects 

. Outcome 

Andreassen 
et al. (1996) 

Lung 

3 ’P-po$tlabeIling or 
fluorescence 

26 smokers 

1 l former smokers 

2 nonsmokers 

(tumour and non-tumorous 
tissues ftom 39 lung cancer 
patients) 

Heavy smoker? (> 20 eigareties/day) had significantly 
higher levels of adducts in DRZ than light smokers. 

Using 32 P, DRZ adducts were detected in 37 samples, 
and 33/37 samples had detectable adducts. Using 
fluorescence f AC, BPDE-DNA adducts were delected 
in 1 1/39 samples. 

Blbmeke el al. 
(1996) 

Lung 

32 P - Post 1 abel 1 ing 

10 autopsies 

Levels of 7-MedG adduct did no* correlate wjth 
smoking exposure at time of death (plasma cotin ine 
levels). 

PelfUzzelli el al. 

(1996) 

BAL cells 

32 P-Postlabelling 

10 smokers 

10 former smokers 

30 nonsmokers 

7-MedG was detected in 7/10 smokers, 2/10 former 
smokers and 2/10 nonsmokers. Levels of 7-McdG in 
smokers were significantly different (p = Q.02X) from 
former smokers and nonsmokers. Adduct levels did not 
correlate with number of cigarettes smoked per day. 

Asami et al. 

(1997) 

Lung 

HPLC/iiCD 

14 smokers 

7 former smokers 

9 non smokers 

8-OHdG levels significantly higher in smokers than in 
nonsmokers; linear correlation with number of cigarettes 
smoked (daily and cumulative) 

Culp e( al. 

(1997) 

Lung 

32 P-Post1abelling. 
ELISA, GC/MS 

14 smokers 

11 former smokers 

Levels of 4-ABP-DNA adducts in lung tissue did not 
correlate with smoking status. 

Ryberg el al. 
(1997) 

Lung 

32 P-Postlabelling 

70 smokers 

Mean adduct levels increased significantly according to 
GSTPl genotype A A<AG<GG - 25, 35, 10, 

respectively;/? = 0.01, AA versus AG; p = 0-02, AA 
versus GG). 

Godscbalk e t ctl. 

(1998) 

BAL cells 

3a P-Po5tlahelling 

78 smokers 

23 nonsmokers 

4 

Adduct levels in BAL cells did not correlate with 
smoking (pack—years) after correcting for age. 
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Table 4.4 (contd) 




Study 

Tissue 

Method of analysis 

Number of subjects 

Outcome 

Lodovici et al. 

(1998) 

Lung 

HPLC/fl uorescertce 

12 smokers 

6 former smokers 

21 nonsmokers 

BPDE-DNA adduct levels in smokers and former 
smokers significantly higher than in nonsinokers 
ip < 0.05) 

Rojas et al 
(1998) 

Lung 

H P LC/fluorescence 

20 smokers 

BPDE DNA adduct levels were higher in 2 individuals 
with GSTMI null and CYPIA I M$p\ variant genotypes. 

S choket et al. 

(1998) 

Bronchus 

32 P-Pos da belling 

82 smokers 

25 short-term former 
smokers (< 1 year) 

20 long-term former 
smokers (> 1 year) 

23 nonsmokers 

Adduct levels significantly higher in current and short¬ 
term former smokers than in long-term former and 
nonsniokers. Adduct levels are the same in 66 male and 

16 female current smokers. Apparent half-life of adducts 
— 1,7 years. Adduct levels did not correlate with daily 
cigarette dose or with GSTMl or CYPIAI Mspl 
genotypes. 

Butkiewjcz 
et at. (1999) 

Lung 

32 P~Post1abelling 

J 20 smokers 

22 former smokers 

23 nonsmokers 

PAH adduct levels significantly higher in smokers than 
in former and nonsmokers. High adduct levels (upper 
quartilc) significantly associated with CYPlAl lle-Val 
allele carriers in individuals who were GSTMI null 
in= 86) 

Mollerup <?/ al. 
(1999) 

Lung 

32 P-Post labelling 

122 smokers (29 women) 

37 nonsmokers (13 women) 

Adduct levels significantly higher in women than in men 
( p = 0.047 before adjustment for pack—years, p — 0.0004 
after adjustment). Lung expression of CYPIA l 


(15 women, 12 men) was significantly higher in women 

ip = 0.016) and in both sexes the correlation between 
CfPlAJ expression and adduct levels was significant 

{p - 0.009), 


3006392509 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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jjjiokel etui., 1998). Li one study in a group of male smokers with lung cancer, a linear 
egression analysis showed that adduct levels were inversely related to the number of 
,.£ 31 $ of smoking (Rybcrg et ai, 1994). Mean levels of adducts in former smokers 
(usually with in interval of at least 1 year since smoking cessation) were generally found 
lo be intermediate between the levels found in smokers and in life-long nonsmokers. 
from these comparisons, the half-life of adducts in the lung is estimated lo be 1.7 years 
in bronchial tissue from former smokers (Schoket et a!., 1998). This is somewhat longer 
tjijj would he estimated from a consideration of the biochemical processes of DNA repair 
and die rate of cell turnover, and may he a consequence of the slow clearance of 
carcinogen-containing tar and particulate deposits from the lung, resulting in continued 
metabolic activation of tobacco carcinogens afteT smoking cessation. 

In a study in Norway, adduct levels were higher in the lungs of women smokers than 
in those of men, a difference that was greater after adjustment for intensity of smoking 
(Ryberg et al., 1994; Mollerup et al, 1999). However, in a study in Hungary, adduct 
levels in male and female smokers with lung cancer were found to be the same (Schoket 
eld, 1998). 

Larynx 

]2 f-Postlabelling analysis of DNA from larynx mucosa revealed the presence of 
hydrophobic adducts (DRZ) in 21 smokers but not in four nonsmokers. The ability of both 
the nuclease P, digestion and the butanol extraction procedures to detect these adducts 
suggested thal they were formed primarily by PAHs rather than aromatic amines. Adduct 
levels correlated with levels of P4501A1, 2C and 3A4, but not with levels of P4502E1 
and 2A6 (Degawa et al, 1994). 

Another study compared adduct levels in laryngeal tumours with those in non-tumour 
tissue from 43 patients, 38 of whom were smokers. Adduct levels, as determined by a P- 
pcstlabelling, were higher in tumour tissue than in normal tissue, and the few non- or 
forme: smokers had lower levels than the smokers (differences were not significant) 
(Siyfter et al., 1994). In a subsequent study, B P-postlabe11inganalysis was used to measure 
levels of 7-alkylguanine in DNA from laryngeal biopsies. In larynx tumour tissues, the 
levels reported in heavy smokers (> 40 cigarettes/day) were 2.5-fold higher than those in 
moderate smokers (~20cigarettes/day) and 5.5-fold higher than in nonsmokers and former 
smokers. There was a significant correlation between 7-a!kylguanine levels and aro- 
matic/hydrophobic adduct levels in these tissue samples (Szyfterera/., 1996). 

An immunohislucliemicat study of laryngeal biopsies from 38 patients, using anti¬ 
bodies against 4-ABP-DNA adducts, included analyses of turnouts (9), polyps (28) and 
surrounding tissue (I). The investigators noted a significantly higher staining intensity of 
Polyps and surrounding tissue from smokeis than of that from nonsmokers, but the diffe¬ 
rences between tumour tissue from smokers and nonsmokers were not significant [limited 
"Umber of samples]. The study showed that 4-ABP-DNA adducts, related to smoking 
* wposure, are formed in the larynx (Flamini et ai, 1998). 




Source: https://www.industryaocume 
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An analysis oflaiyngeal tumour biopsies from 33 patients was carried out by 
labelling. DNA from tumour tissue, non-tumour tissue and the interarytenoid area £ 
analysed separately. Large interindividual differences in adduct levels were reported Vto 
highest levels in the interarytenoid area. Adduct levels were reported to be correlated J f 
age (the highest levels in all tissues were noted in the 50-60-ycar and 60-70-y e3r a 
groups), sex (28 of the patients were men, five were women; adduct levels were higher 
the men), cigarette smoking (all patients were smokers, 19 smoked 20 cigarettes/day ]" 
smoked 30-40) and stage of tumour progression (p values were not renortein 
(Banaszewski eta!., 2000). 

Sputum 

DNA isolated from sputum, induced by inhalation of nebulized saline solution, w® 
compared in a group of 20 smokers and 24 nonsmokers using the nuclease Pj digestion 
method of 32 P-postIabelling analysis. All smokers, but only one nonsmoker, showed, 
DRZ in their adduct patterns, and adduct levels were significantly higher in smokers than 
in nonsmokers (3.1 + 1.4 versus 06 + 0 8/10* nucleotides; p = 0.0007) (Besarati Nia a al. 
2000a), The same authors also found that the adduct levels in the induced sputum of nine 
smokers (monitored on three occasions) were significantly higher than those in nine non- 
smokers (monitored once) (Besarati Nia el a/., 2000b). When immunohistochentical 
analysis of induced sputum was carried out, the cells of 20 smokers were found to have 
significantly greater intensity of staining when using antibodies against 4- ABP-DNA than 
the cells of 24 nonsmokers (p = 0.001}, hut not when BPDE-DNA antibodies were ustd 
(p = 0 07) (Besarati Nia et al., 2000c). 

Oral and nasal cavities 

In two early 32 P-postlabelling studies of DNA from oral mucosal cells, varying 
amounts of a variety of aromatic and'or hydrophobic adducts were seen in smokers and 
nonsmokers, but none of them were specific to exposure to tobacco smoke (Dunn & Slich, 
1986; Chacko & Gupta, 1988). . ; 

DNA from clinically normal oral tissue (mucosa) from patients undergoing surgery 
for intraoral squamous-cell carcinoma was analysed by J2 P-postlabelling using both 
nuclease P, digestion and butanol extraction enhancement methods. Both the range and 
levels of adducts measured were greater with the latter method, and the mean level of 
adducts in the smokers (n- 19+ i pipe smoker) was statistically significantly higher than 
that in the four former smokers and nine nonsmokers combined (Jones et al, 1993), A 
comparison between DNA obtained from oral biopsies and from buccal mucosa from the 
same individuals showed that there was a good correlation between adduct levels from the 
two sources, with a significantly higher level of adducts in DNA from 20 smokers than 
that from 10 nonsmokers (Stone et at., 1995). . -at 

In a small study of nasal mucosal DNA from nine smokers, two former smokers and 
I fl nonsmokers, K P-postlabelling analysis detected the DRZ in eight of the smokeis.ot* 
of the former smokers and one of the nonsmokers. The mean adduct level in smokers was 


jgnificantly higher than that in the nonsmokers (p < 0,01; 4.8 versus 1.4/10* nucleotides 
^ing the nuclease P, digestion) and a linear relationship between adduct levels and daily 
[igarette consumption was observed among the smokers (Peluso et al., 1997). In another 
^pdy, the levels of DNA adducts detected by S2 P-postlabelling analysts in nasal cells from 
jjr smokers were also significantly higher than the levels in cells of 14 nonsmokers (mean 
^ue, 17.0 versus 6.8/10* nucleotides) (Zhao eta!., 1997). 

Using a 32 P-postlabelling method to detect cyclic adducts such as l^-propanodeoxy- 
jaanosine, possible products of the reaction of tobacco smoke constituents such as 
jrolein (A) and crotonaldehyde (C) with DNA, significantly higher levels of each of 
jnee such adducts (AdG, CdGl and CdG2) were detected in the DNA of gingival tissue 
jf 11 smokers than in that of 12 nonsmokers; the total levels of the adducts were 4.4-fold 
ligher in smokers than in nonsmokers (Nath et al, 1998). 

Using the alkaline comet (single-cell gel electrophoresis) assay to detect DNA strand 
freaks ia exfoliated buccal cells, significantly higher DNA migration was found to occur 
iuthe cells of 11 smokers than in those of nine nonsmokers (Rojas et al, 1996). 

A study of exfoliated oral cells from healthy volunteers used an immimohisto- 
cbcmical technique to stain cells with antibodies raised against BPDE-DNA adducts. The 
intensity of staining was significantly greater in cells from 33 smokers than in those from 
114 nonsmokers, and increased intensity of staining was observed with increasing number 
of cigarettes smoked per day by the smokers (Romano el al ., 1999a). Similar results were 
obtained in another study that used this technique. Both buccal cavity and mouth floor 
cells were investigated; staining intensity in both cell types was found to be significantly 
higher in 26 smokers than in 22 nonsmokers (Besarati Nia et at., 20G0d). When antibodies 
to4-ABP-DNA adducts were used, staining intensity was also found to be significantly 
higher in the exfoliated oral cells of 12 smokers than itt those of 12 nonsmokers (Romano 
M, 1997), 

Immunohistochemical staining of human oral mucosal cells, using antibodies against 
BPDE-DNA adducts, revealed significantly higher intensities of staining in 16 smokers 
lhan in 16 matched nonsmokers (Zhang et al., 1995). A second study, using antibodies 
against BPDE-DNA adducts or against 4-ABP-modified DNA in exfoliated oral cells, 
showed significantly higher levels of DNA damage in 20 smokers than in 20 matched 
; nonsmokers tor both DNA adducts (Hsu et al, 1997). Subsequently, an analogous ana¬ 
lysis using antibodies to malonaidehyde-DNA adducts has demonstrated higher levels of 
this adduct, derived from lipid peroxidation, in the oral mucosal cells of 25 smokers than 
i in 25 matched nonsmokers (Zhang et al, 2002). 

I Urogenital tissues 

‘ladder 

Investigations of the presence of smoking-related DNA adducts in bladder cells have 
made use of autopsy and biopsy specimens and of exfoliated epithelial cells excreted in 
( ,J tine. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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When the levels of DNA adducts were determined in bladder biopsy sampl C5 ^ 
B P-posrlabelling with both butanol extraction and nuclease P, enhancement procedures 
the mean levels of several specific adducts were higher in 13 smokers than in 20 f orR)a 
smokers and nine never-smokers; some adducts were present at similar levels in all gn^ 
and thus were not smoking-rclatcd. One of the smoking-rclatcd adducts was chmuj, 
^graphically identical to the major adduct formed in DNA by 4-ABP (Talaska et al 
1991a). .'■% 

Exfoliated urothelial cells recovered from the urine of 39 of 73 individuals yielded 
sufficient DNA for 32 P-postlabclling analysis (21 from nonsmokeis, 18 from current 
smokers). The DNA was found to contain several DNA adducts, of which at least fan; 
were present in the DNA of smokers at levels 2-29 times higher than those in the DNA 
of nonsmokers. One of these corresponded chromatographically to AKdeoxyguanosin-J. 
yl)-4-ABP (Talaska et al., 1991b). In a further study of the same subjects, two DNA 
adduds detected in exfoliated uroepithelial cells were found to be specifically associated 
with smoking and with the levels of 4-ABP-haemoglobin adducts (Vineis at al, 19%), { 

In a study of bladder biopsies of 20 bladder cancer patients and of exfoliated bladder 
cells of 36 healthy individuals, a dose-response relationship between smoking levels and 
adduct levels was found for both groups [statistics not given and the sizes of the gmapj 
studied were small]. The levels of adducts were not higher in the cases than in the controls 
(Talaska e/ a/., 1994). 

Bladder tissue samples taken at autopsy from 56 individuals were analysed by J2 P-post- 
labelling of DNA. A positive but weak association {p = 0.09) between adduct levels and 
tobacco smoking was found, and there was a correlation between die levels of adducts in 
lung and bladder (p <■ 0.01, Spearman rank correlation test) (Routledge et al., 1992) (see 
also Table 4.4). • .,,j 

A comparison of the adducts detected by B P-postlabelling in bladder biopsies from 30 
smokers with those from 24 nonstnokeis revealed that, overall, adduct levels were not 
significantly different between the two groups; 3-5-fold higher levels of adducts welt 
detected by the butanol extraction procedure than by nuclease P s digestion, implying a 
preponderance of aromatic amine-like adducts over those formed by PAHs. In a took 
detailed analysis, however, the level of one minor DNA adduct was found to be twice as 
high in samples analysed from 17 smokers than in those from eight nonsmokeis 
(p< 0.005, one-tailed) (Phillips & Hewer, 1993). . ; 

Biopsy samples from human bladder were subjected to immunohistocheniical analysis 
with antibodies to 4-ABP-DNA adducts to determine the relationship between smoking 
history and intensity of staining. The adduct levels were significantly higher in 24 current 
smokers than in 22 nonsmokers (p < 0.0001). There was also a linear relationship between 
mean levels of adduct staining and number of cigarettes smoked per day (Curigliano et d,‘ 
1996). In another study using the same technique, higher levels of 4-ABP-DNA adducts 
were also observed in bladder specimens from 30 smokers than in those from 41 forms' 
smokers and 24 nonsmokeis, but the statistical significance of this difference was 
borderline (p = 0.07) (Romano et al, 1999b). 


Immunnhistocbemical staining of human exfoliated urothelial cells from urine, using 
^bodies to BPDE-DNA adducts or to 4-ABP-DNA adducts, revealed significantly 
higher Ip < 0.0005) intensities of staining in 20 smokers than in 20 matched nonsmokeis 
jj both cases (Hsu et al, 1997). 

The presence of 3-alkyladenines in human urine was determined in two smokers who 
underwent a period of voluntary abstinence from smoking. In one subject, the excretion 
4 jf 3-ethyladenine was significantly lower on nonsmoking days (p < 0.01). Smoking- 
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in levels of 3-metbyladenine were apparent only when volunteers 
(ousumed a diet low in 3-alkyladenines during the study period. Thus, although both 
adducts are produced by alkylating agents in tobacco smoke, natural dietary levels of 3- 
pethyladenine make this an insensitive biomarker of smoking (Prevosf & Shuker, 1996). 

In a study of depurinated adducts of benzo[o]pyrene in urine, detectable levels of 
BaP-6-N7 Ade 1 were found in the urine of three of seven smokers (not quantifiable but 
detectable up to 0.1-0.6 fmol/mg creatinine), but not in the urine from any of 13 non- 
smokers (Casale et a!., 2001). 

The comet assay was used to analyse urinary bladder cells for DNA damage. A signi¬ 
ficant increase in comet tail moments for 18 smokers and former smokers was found as 
compared with 12 nonsmokers (p < 0.03) (Gontijo et al., 2001). 

In a study of oxidative DNA damage measured by 8-OHdG excretion in urine, 30 
smokers were reported to have levels of the nucleoside that were 50% higher (corrected 
for body weight) than 53 nonsmokers (Loft et al, 1992). 

Taken together, the studies analysing DNA adducts in bladder tissue or exfoliated uro¬ 
thelial cells demonstrate that smoking-related formation ofDNAadducts is detectable, but 
that some of the adducts present derive from other sources of environmental carcinogens. 

Cervix 

A pilot study of DNA isolated from cervical scrapes of 22 women and analysed by the 
butanol extraction enrichment procedure of 32 P-postIabeI ling showed the presence of the 
DRZ and higher levels of adducts in three of nine smokers than in 13 nonsmokers 
(Phillips et at, 1990b). In a subsequent study, sufficient DNA was isolated from 33 of 38 
cervical smear samples and subjected to 32 P-postlabetling analysis. Adduct levels were 
significantly higher in the DNA from 18 smokers than in that from 15 nonsmokers 
Simons etal, 1995). 

Using DNA isolated from cervical biopsies, 32 P-post!abelling analysis with butanol 
extraction was carried out on samples from 39 women (11 smokers, seven former 
smokers and 21 never-smokers). Adduct levels were significantly higher in die smokers 
wd former smokers than in the nonsmokeis {p = 0.048). Exclusion of those women 
Jthose urinary cotiuine levels did not confirm their self-reported nonsmoking status 
(f = 7) increased the differences in levels of adducts between smokers and nonsmokers 
jp'(k03) (Simons etal, 1993). 




N7-(benzo [a]pyrene-6-y 1) adenine 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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A study of cervical biopsy samples from 35 women (19 smokers, five former smoksjj 
and 11 nonsmokers) found that DNA adduct levels, determined by ,2 P-postlabelling 
lysis with the butanol extraction procedure, were significantly higher in the smokers than 
in the nonsmokers ip = 0.002), and an intermediate mean value was obtained for ti^ 
former smokers (Phillips & Ni She, 1993). This study population was subsequently 
ii fx,,T former and 14 nonsmokers and analysed bv hut 


butanol extraction and nuclease Pj digestion procedures of 32 P-postlabelIing. Adduct 
levels were significantly higher in smokers when the former procedure was used 
(p- 0.005), hut not with the latter (Phillips & Ni She, 1994). The lack of a different 
between smokers and nonsmokers using nuclease P] digestion was also reported in 
another small study in women not using oral contraceptives (15 smokers, eight non, 
smokers) (King et al., 1994). However, in another larger study, 52 P-postlabelling analyst 
using nuclease P, digestion found significantly higher levels ip - 0.07) in DNA fi*® 
histologically normal cervical biopsy tissue from 48 current smokers than in that from 48 
non-current smokers (non-current smokers included nonsmokers, former smokers am) 
passive smokers) (Ali etal, 1994). 

Inimunohistochemical analysis of human cervical cells, using antibodies again 
BPDE-DNA adducts, demonstrated significantly higher staining intensity (p = 0.04) in 
smears from 16 smokers than in smears from 16 nonsmokers (Manrini et al., 199S),««w 

GC-MS analysis of BPDE-DNA adducts in cervical epithelial cells found that the 
level of adducts was approximately twofold higher in seven smokers than in seven non- 
smokers and this difference was statistically significant (p = 0.02) (Melikian et al., 1999). 


Other tissues 


Higher levels (p = 0.0001) of DNA adducts putatively derived from malonaldehyde 
3 H(J delected by 32 P-postkbelling using nuclease P ( digestion were determined in tissue 
adjacent to tumours from 51 breast cancer patients than in tissue from 28 controls (under- 
g 0 ( n g reduction mammoplasty). The levels of these adducts were also associated with the 
previously detected benzo[tr]pyrene-iike DNA adduct (see above), but were significantly 
l oW er in smokers than in former smokers and in nonsmokers (Wang et aL, 1996) 

Inimunohistochemical staining intensity of breast tumour tissue using antibodies 
against BPDE-DNA adducts was not significantly different between 35 smokers, 72 
former smokers who had smoked one cigarette or more per day for 6 months or longer 
gud 75 nonsmokers. However, among smokers and former smokers, there was a trend 
towards higher intensities of staining with greater levels of exposure or earlier age at 
stating smoking (Santella et al, 2000). Positive staining using antibodies against 
BPDE-DNA adducts was also obtained with tissue samples from 48 patients with breast 
tumours and tissue samples from 30 patients with benign disease {with higher adduct 
levels being found in tissues from patients with benign breast disease than in cancer 
tissues). This study was carried out on inhabitants of Upper Silesia, a region of Poland 
that has been subject to high levels of environmental pollution. However, in neither group 
of patients were staining intensities higher in smokers than in nonsmokers (Motykiewicz 
ef oh,2001). 

In a study ofPAH-DNA adducts in breast tumour tissue from 119 cancer patients and 
from 108 patients with benign breast disease, inimunohistochemical analysis indicated a 
significant association between adduct levels and breast cancer, but there was no 
relationship between smoking status, stage or tumour size and adduct levels (Randle 

eld, 2000). 


Breast 

In a pilot study, a total of 31 samples of human breast tissue were analysed by “P- 
postlabelling using nuclease P, digestion to determine the tcvels of aromatic/hydrophobic 
DNA adducts. The breast tissues included samples from tumours and from tissues adja¬ 
cent to tumours from 15 women with breast cancer and four samples from women who 
had had reduction mammoplasfies. The characteristic DRZ was detected in tumorous and 
non-tumorous tissues from five of 15 cancer patients, all ot whom were current smokeu. 
None of the eight former smokers and nonsmokers displayed this pattern (p < Ml) . 
(Perera et al., 1995). 

Another !2 P-postlabelling study using nuclease P, digestion of aromatic DNA adducts 
was conducted on normal (non-tumour) breast tissue from 87 breast cancer patients under¬ 
going mastectomy and from 29 women who did not have cancer (controls) undergo® 
reduction mammoplasty. The characteristic DRZ was detected in 29 of 87 normal tissue - 
from breast cancer patients (17/17 smokers, 5/8 former smokers, 4/52 nonsmokers, 3 
with unknown smoking status), and in two of 10 control tissues. In addition, a benzo[fl 
pyrene-like DNA adduct was observed in 36 normal adjacent breast tissue samples (27 a 
them from nonsmokers) from cancer patients and its presence was not significantly a® 
ciated with smoking (Li et al., 1996). 


Pancreas 

32 P-Postlabelling analysis of 20 pancreatic tumours and 13 samples of normal tissue 
adjacent to the tumour, using nuclease P] digestion, led to the detection of significantly 
higher levels of DNA adducts in the normal tissues surrounding the tumour than in either 
the tumour tissue or in normal pancreatic tissue from five patients with non-pancreatic 
cancer and 19 previously healthy organ donors who served as controls. Two novel clusters 
.of adducts were observed: 11/13 in adjacent aormal tissues from pancreatic cancer 
patients, 12/20 in tumour tissues and 2/24 in normal pancreatic tissues from controls. The 
presence of these adducts was positively correlated with smoking status (Wang et al, 
1998). 

Another study that used fluorescence spectral analysis for the presence of BPDE- 
ENA adducts in pancreatic samples revealed no detectable levels in any of 11 samples 
(six from smokers) (Alexandrov et al., 1996). 

Co /on 

Fluorescence spectral analysis of samples of colon mucosa for the presence of 
BPDE-DNA adducts resulted in their detection in three of four samples from smokers and 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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one of three samples from nonsmokers. Adduct levels were estimated to be in the ran^ 
0.2-1.0 adducts/10® nucleotides (Alexandrov 1996). 

Stomach 

Tumour DNA from 26 patients (18 smokers) with gastric cancer was analysed f ffl ' 
DNA adducts using 32 P-postlabelling with butanol extraction. In men only, the number 
of DNA adducts were found to be significantly higher in the samples from 14 smokers 
than in that from four nonsmokers (Dyke ei al ., 1992). [The Working Group noted that thj 
number of nonsmokers was small.] 

Placenta and fetal tissue 

In the first study of placental DNA for the presence of DNA adducts, 33 P-postlabelling 
analysis and ELISA with antibodies against BPDE-DNA adducts were used. The use of 
the ELISA found a small but nonsignificant increase in adducts in placental tissue from 
smokers when compared with the numbers found in nonsmokers. Using B P-postlabefc 
analysis, one particular DNA adduct was found to be present in the DNA from 16 of l] 
smokers, but in only three of 14 nonsmokers (Everson et al. , 1986). In a subsequent study 
using 32 P-postlabelling, up to seven different adducts were detected in 53 specimens qj 
human placental tissue, three of these adducts were found ‘almost exclusively’ in stroke^ 
(Everson et al., 1988). 

The combined use of immunological, fluorescence spectroscopic and mass spectra 
metric methods has led to the detection and characterization of BPDE-DNA adducts in 
human placental DNA and also provided evidence for the presence of adducts formed by 
other PAHs (Weston et al., 1989b; Manchester et al, 1990). Synchronous fluorescence 
spectroscopy for the detection of BPDE-DNA adducts gave positive results in 10 of 28 
human placental samples, but there was no correlation with smoking status (Manchester 
et al. , 1988). in a subsequent study, five of seven placentas from smokers and three of nine 
from nonsmokers gave positive results when analysed for these adducts (Manchester 
etal, 1992). 

Placental DNA from live smokers was found to contain adduct levels, detected as a 
DRZ by }2 P-postlabelling, 1.8-fold higher than that in placental DNA from five non- 
smokers (4.3 ± 1.7 versus 2.3 ± 0.4 adducts/10 8 nucleotides) (Gallagher et al., 1993a) 
[statistical significance not stated]. 

Using B P-postlabelling with nuclease P, digestion, DNA adducts were -detected in 
DNA from placenta and umbilical cord regardless of whether or not the mothers were 
smokers. Adduct levels were significantly higher in maternal than in fetal tissue (and were 
higher in placenta than in umbilical cord) and, combining data for all tissues, total levels 
of DNA adducts were significantly higher in eight smokers than in 11 nonsmokers. 
Although individual tissues showed a trend towards increased levels of adducts B 
smokers, the differences were not statistically significant (Hansen et al, 1992, 1993) 
DNA adducts derived from PAHs were detected by a competitive ELISA in six of W 
placentas and in five of 12 matched fetal lung samples from spontaneous abortions. None 
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of the samples were from women who reported smoking during pregnancy; thus smoking 
# as not a likely source of the adducts (Hatch et al., 1990), However, in another study 
using ELISA with antibodies against BPDE-DNA adducts, a linear correlation was found 
between levels of adducts and levels of urinary cotinine for both placental DNA and 
umbilical cord DNA, the former tissue having the higher adduct levels. Overall, adducts 
were detected in 13 of 15 placental samples and 12 of 15 samples of umbilical cord blood 
from smokers and three of 10 placental samples and one of 10 samples of umbilical cord 
from nousinokeis (Antould et al, 1997). 

When placental DNA was analysed both for bulky DNA adducts by !2 P-postlabelling 
with nuclease P[ digestion and for 8-OHdG by electrochemical detection, neither method 
showed a difference between II smokers, 10 nonsmokers and nine nonsmokers who were 
exposed to secondhand smoke (Daube etal, 1997), 

Thus, although some studies indicate the presence of smoking related DNA adducts 
in human placenta, overall the association between smoking status and adduct levels, 
determined by a variety of different methods, is weak. The results appear to indicate that 
there are significant sources of environmental carcinogens other than tobacco smoke that 
result in DNA adducts being formed in this tissue. 


In a study in which sperm DNA from 12 heavy smokers (> 20 cigarettes/day), 12 * 
moderate smokers (1-19 cigaidles/day) and 12 nonsmokers was subjected to 31 P-posl- 
labelling analysis, no discernible differences were observed between the patterns or levels 
of DNA adducts between the three groups of subjects (Gallagher et al, 1993b). 

However, immunohistochemical analysis of sperm, with antibodies against BPDE- 
DNA adducts showed significantly higher intensity of staining in the sperm of 11 smokers 
than in the sperm of 12 nonsmokers (Zenzes et al, 1999a). Furthermore, in-vitro fertil- 
: ization experiments using sperm from smokers and oocytes from nonsmoking partners 
suggested that there was transmission ofbenzo[a]pyrene-modified DNA to the embryos 
(Zenzes et al, 1999b). In related studies, granulosa-lutein cells from women undergoing 
in-vitro fertilization were analysed Immunostaining for BPDE-DNA adducts was 
confined to the nucleus and was significantly greater in cells from 14 smokers than in 
those from seven passive smokers and 11 nonsmokers (Zenzes et al, 1998) (see also the 
monograph on involuntary smoking, this volume). 

The sperm DNA of 28 smokers contained levels of 8-OHdG about 1.5 times higher 
than that of 32 age-matched nonsmokers, a difference that was statistically significant 
(6.19 ± 1.71 versus 3.93 + 1.33 8-OHdG/lO 5 dG, p < 0.901) (Shcn et al, 1997). The same 
authors reported a correlation between sperm defects and levels of 8-OHdG in sperm 
DNA, indicating that this lesion is useful for assessing sperm quality and male fertility 
-(Shen etal, 1999). 

In another study, the sperm DNA of smokers (n - 35) was found to be more sensitive 
f ‘ ^id-induced denaturation (p < 0.02) and to possess higher levels of DNA strand breaks 
Cp <0.05) than that of nonsmokers (n = 35) (Potts etal, 1999). 
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Cardiovascular tissues 

In a pilo! study investigating the presence of DNA adducts by 32 P-postlabe!lmg j„, 
number of human tissues at autopsy, the DRZ characteristic of smoking-related DMA 
damage was observed in heart tissue from two smokers, but not in that of a nonsmoker 
who chewed tobacco. Moreover, of all the tissues examined, which included lung and 
bronchus, the levels of adducts were highest in heart tissue (Randerath et al , 1989J a 
study comparing J2 P-postlabelling, HPLC-fiuorescence detection of BPDE-DNAaddtr 1 
hydrolysis products and synchronous fluorescence spectroscopy (SFS) detection ofthe 
same products demonstrated that all three methods were capable of detecting DNA 
adducts in atherosclerotic lesions in smooth muscle of human abdominal aorta. However 
because of the limited number of samples investigated (four from smokers, three from 
former smokers), no conclusion could be drawn regarding the origins of the adducts 
delected (Izzotti et al,, 1995a). Another study measured DNA adducts by "P-posttabelfing^ 
with nuclease P, digestion in the thoracic aorta of 133 victims of sudden or accidental 
death. Those with significant atherosclerotic changes and for whom atherosclerosis was 
classified as the main cause of death were designated as 76 cases, those with few athero¬ 
sclerotic changes as 57 controls. Smoking status was determined by measuring cotinine 
levels in plasma. Levels of bulky aromatic DNA adducts were significantly higher in the 
cases than in the controls, but when smokers and nonsmokers were compared, significant 
differences were observed in the controls, but not in the cases (Bmkova el al., 2001), 

Immutiohistochemical staining of endothelial and smooth muscle cells of blood 
vessels using antibodies against BPDE-DNA adducts resulted in higher intensity of the 
endothelial cells. However, the correlation with smoking habits among the 33 subjects 
studied (samples from nine of 11 smokers showed positive staining, compared with 12 of 
22 nonsmokers) was not statistically significant (Zhang el al., 1998). 

In a study of DNA front the right atrial appendage of 41 patients undergoing open 
heart surgery, the levels of aromatic DNA adducts detected by 32 P-postIabelIing with 
nuclease P, digestion were significantly higher in 15 smokers than in 15 former smokers 
(p < 0.01) and in 11 nonsmokers (p < 0.001). A significant linear relationship between 
adduct levels and daily cigarette smoking was observed in the smokers (Van Schooten 
etal, 1998). 

Blood cells 

Although nucleated peripheral blood cells are not generally considered to be target 
cells for tobacco-induced tumorigenesis, the relative ease with which they can be obtained 
from human subjects, when compared with many target organs, has led to a large number 
of studies exploring the differences' between cells from smokers and nonsmokers. The 
studies in which smoking-related DNA adducts have been determined in blood cells are 
summarized in Table 4.5. 

The picture that emerges from these many studies is an inconsistent one. Measure¬ 
ments made in the longer-lived cells (lymphocytes and monocytes) are more likely 1° 
reveal significant differences between smokers and nonsmokers than measurements made 
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Mvstonen & WBC, 

Hemminki lymphocytes, 

(1992) granulocytes 


Santella et al. Mononuclear 


Van Schooten WBC 
et al Cl 992) 


Gallagher WBC, 

etal. (1993 a) lymphocytes 


Holz et al. 
(1993) 


Mustonen 
etal. (1993) 


Popp et al . 

.iw) 


Lymphocytes 


Lymph ocytcs 


Lymphocytes 


Method of analysis Number or subjects 

32 P-Postlabelling 10 smokers 

10 nonsmokers 


F i to a 63 smokers 

27 nonsmokers 
(all males) 

32 P-Postlabelling, 39 lung cancer patients 

ELISA 


32 P-Postlabelling 


23 smokers 
16 non smokers 


Nick translation to 5 smokers 
detect DNA single 
strand breaks 


32 P -Po stlab el ling 


13 smokers 
7 nonsmokers 


32 P-Postlabelling 23 oral cancer patients 

and w'.Waline elutw 15 hospital controls 

t iltb'>'nr>n*'rn«-kcrs 


DNA adduct levels as 7-metbylSUsmlne residues were 
significantly higher in smokers in all 3 cel) populations. 
Adduct levels highest in lymphocytes and lowest in 
granulocytes 

BPPE-DNA adduct levels were higher in smokers 
(70%) than in nonsmokers (22%). DNA adduct levels 
in smokers did not correlate with number of 
cigarettes/day or pack-years. 

Adduct levels were not significantly associated with 
smoking status, or with adduct levels in lung tissue 
(matching tissue for 20 subjects). 

Adduct levels 2.5-fold higher in smokers for both cell 
types (p 0.01) 

Under controlled conditions, single-strand breaks 
increased in 4/5 smokers who smoked 24 cigarettes in 
8 h, having refrained from smoking for 12 h prior to the 
lest. 

7 -Methylguanine DNA adduct levels significantly 
higher in smokers than in nonsmokers, In 5 smokers, 
lung adduct levels correlated with lymphocyte adduct 
levels. 

Significant correlation between smoking and DNA 
elution rates, but not DNA adduct levels 




Table 4.5 (contd) 


Blood cells" 

Mononuclear 11 

cells 


Grinberg- 
Funes et at. 
(1994) 


Ichiba el al. 
(1994) 

Rojas et al. 
(1994) 


Binkovd et al. WBC 
(1995) 


Mooney et al. WBC 
(1995) 


Rojas et al. Mononuclear 11 

(1995) cells 


Method of analysis Number of subjects 


63 male smokers 


JA P-Postlabe!ling + 

nuclear PI digestion 

HPLC/fluorescence, 
52 P-postlabelling + 
nuclease Pi 
enrichment and 
ELISA 

32 P-Pp!gtlab?lling 
with butanol 
enrichment 


HPLC/fluoresce nee 


26 chimney sweeps 

14 controls 

7 lung cancer patients 
(6 smokers); 3 controls 
(2 nonsmokers) 


9 smokers 
21 nonsmokers 


39 coke-oven workers 
39 controls 


No relationship between smoking and PAH—DNA 
adduct levels observed previously (Santella et al., 

1992), but significant association of serum vitamin E 
and C observed among GSTXIJ null individuals with 
adduct levels 

Smokers had 48% higher levels of aromatic DNA 
adducts than nonsmokers (statistically significant). 

BPDE-DNA adducts detected in the 6 patients who 
smoked at substantially higher levels than in the 

controls who did not smoke. A good correlation was 
obtained with results from fluorometry and 32 P- 
postlabelling, but not from fluorometry and ELISA. 

In a study designed to investigate exposure of women 
working outdoors to PAH, no effect of smoking on 
adduct levels was observed. 

In a smoking cessation study, a 50—75% reduction in 
PAH—DNA adduct levels was observed 8 months after 
cessation, with similar reductions in 4-ABP—haemo¬ 
globin adduct levels. 

Workers had higher levels ofBPDE-DNA adducts than 
controls. In both groups, mean level in smokers was 
higher, but differences not statistically significant (large 
interindividual variation). 
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Table 4.5 (contd) 


Schell et al. 
(1995) 


WBC, 

lymphocytes 


Method of analysis Number of subjects 

* 2 P-Postlabelling 103 smokers 

107 nonsmokers 


In a study of several populations occupationally 
exposed to PAH and controls, no influence of smoking 
on adduct levels in WBC was evident, and only a weak 


Tang et al. WBC ELISA 

(1995) 


119 lung cancer cases Adduct levels were significantly higher in cases than in 

(52 smokers, 58 former controls (p < 0.01) and higher in smokers and former 

smokers, 9 nonsmokers) smokers in both groups ip < 0.05). Adducts increased 

98 controls (25 smokers, with number of cigarettes smoked in cases who were 

34 former smokers, current smokers (n = 51), but not in control smokers. 

39 nonsmokers) Adducts in WBC correlated with adducts in lung 

tumour tissue O < 0.05, n = 34). 


Wiencke et al. Mononuclear 32 P-Postlabelling 

(1995) cells 


Asami et al. WBC HPLC/ECD 

(1996) 

Mooney et al. WBC ELISA 

(1997) 


6 smokers 
10 former smokers 
(< 1 year) 

15 former smokers 
(> 1 year) 

10 smokers 
10 former smokers 
10 nonsmokers 

159 smokers enrolled in a 
smoking cessation 
programme 


Correlation of adduct levels in mononuclear cells with 
adduct levels in lung (value 2.6-fold higher in lung than 
in mononuclear cells) 


Levels of 8-OH-guanine in DNA 1.88-fold higher in 
smokers than in nonsmokers ip = 0.013) 

PAH-DNA adduct levels 2-fold higher ip < 0.03) in 
individuals with CYPIA1 exon 7 Val allele 11 (rf = 10). 
Association between plasma Levels of p-carotene and 
adducts seen only in GSTMl null subjects 


l- 

\ 



Table 4.5 (contd) 


Study 

Blood cells 3 

Method of analysis 

Number of subjects 

Outcome 


Van Schooten 
etal. (1997) 

Lymphocytes 

* 2 P-Postlabelling 

54 smokers 

21 nonsmokers 

Aromatic DNA adduct levels significantly related to 
daily exposure to cigarette tar, with evidence of 
saturation at >- 29 cigarettes/day. No significant 
correlation with adduct levels in BAL cells 


Wong et al. 
(1997) 

Lymphocytes 

32 P -Po stlabel ling 

94 smokers 

98 nonsmokers 

DNA adduct levels in smokers not significantly 
different from levels in nonsmokers. Plasma levels of 

P-carotene and cx-tocopherol did not influence adduct 
levels significantly, nor did CYPIA l or GSTMl 
genotype. 

•H 

§ 

o 

O 

Zhao et al. 
(1997) 

WBC 

32 P -P ostlabelling 

6 smokers 

14 nonsmokers 

Difference in adduct levels between smokers and 
nonsmokers of borderline significance ip = 0.051). No 
correlation between adducts and daily cigarette 
consumption 

s 

o 

Amould et al. 

(1998) 

WBC 

ELISA 

58 smokers 

20 nonsmokers 

BFDE-DNA adducts not detected in nonsmokers. 

Adduct levels in smokers correlated with tobacco 
consumption (p < 0.001) 


Dallinga et al. 

(1998) 

Lymphocyte s 

32 P-Postlabelling 

55 smokers 

4 nonsmokers 

DNA adduct levels correlated with cigarette and tar 
consumption, with evidence of saturation at higher 
smoking levels. No effect of GSTMl genotype. Slow 
acetylators {NAT2) had significantly higher adduct 
levels ip < 0.05). 
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Table 4.5 (contd) 




Study 


Blood cells" 


Method of analysis Number of subjects 


Outcome 


Godschalk Lymphocytes, 

et al. (1998) monocytes, 

granulocytes 


l 2 P-Postlabe 11 mg 


86 smokers 
23 nonsmokers 


Aromatic DNA-adduct levels significantly higher in 
lymphocytes and monocytes of smokers, but not 
granulocytes. Adduct level? in monocytes + 
lymphocytes of smokers (n — 78) linearly related to 
daily exposure to ‘cigarette tar’ but not cigarette 
consumption or pack—years 


Pastorelli 
etal. (1998) 

Lymp hocytes 

GO-MS 

44 male lung cancer 
patients, a LI smokers 

Significant correlation between levels of BPDE-DNA 
adducts and numbers of cigarettes smoked daily 
(p = 0.02) and pack-years (p = 0.05). No effect of 
CYPIAl, mEHo r GSTMI genotypes on levels of 

adducts . 

Rojas et al. 

(1998) 

Hou et al. 
(1999) 

WBC 

Lymphocytes 

HP LC/fluore scene e 

32 P-Postlabelling 

20 smokers (coke-oven 
workers) 

179 lung cancer cases 
(36 smokers, 29 recent 
former smokers, 27 long¬ 
term former smokers, 

87 never-smokers) 

161 controls (46 smokers, 

12 recent former smokers, 

24 long-term former 
smokers, 79 never-smokers) 

BPDE-DNA adduct levels higher in 1 individual with 
GSTMI null and CYPIAl 2A/2A variant genotypes 

Aromatic DNA adduct levels significantly higher in 
smokers (cases + controls) than in long-term former 
smokers (> 2 years) and nonsmokers (p « 0.0003). No 
significant differences between cases and controls for 
any of the smoking categories 

Pavanello 
et at (1999) 

Mononuclear 

cells 

HP LC/fl uoresc enc e 

130 subjects 

Subjects were exposed to PAH from a variety of 
occupational and iatrogenic sources. Smoking did not 
influence BPDE-DNA Jducf cf.s. 











t abic 4.5 (contd) 




Study . 

Blood cells 8 

Method of analysis 

Number Of Subjects 

Outcome 

Poli et al. 
(1999) 

WBC 

Comet assay 

50 smokers 

50 nonsmokers 

Significant differences in DNA migration' between 

smokers and nonsmokers (p < 0.001) 

Shinozaki 
etal. (1999) 

Lymphocytes 

Flow cytometry 

40 smokers 

35 non smokers 

Mean level of BPDE-DNA adducts in smokers 
significantly higher than in nonsmokers. In smokers, 
adduct levels correlated with age, years of smoking and 
pack—years, but not with number of cigarettes/day. 

Wiencke et al. 
(1999) 

Mononuclear 

cell? 

32 P -Po st label 1 mg 

54 lung cancer patients 

A significant correlation was observed between adduct 
levels in blood mononuclear cells and in Lung (r — 0.77, 

p < 0.001) 

van Zeeland 
et al. (1999) 

WBC 

leukocytes 

HPLC/ECD 

57 smokers 

16 former smokers 

29 nonsmokers 

Levels of 8-OHdG in DNA significantly Lower in 
smokers than in nonsmokers (p < 0.05) 

Besarati Nia 
et al. (2000b) 

Lymphocytes 

33 P-Postlabelling 

9 smokers 

9 nonsmokers 

Lipophilic DNA adduct levels significantly higher in 
smokers than in nonsmokers (p = 0.0001). Levels of 
adducts in induced sputum higher than those in 
lymphocytes with adducts 

Duell et al. 
(2000) 

Mononuclear 

cells 

3 2 P -Postlabell ing 

11 smokers 

38 former smokers 

11 nonsmokers 

Polyphenol—DNA adducts showed a weak, positive 
trend with the presence ofXffCC/ allele 399GJn. No 
association found with smoking. No effect o ZERCC 2 
polymorphism observed 

Georgiadis 

et ah (2000) 

Peripheral and 
cord WBC 

Competitive repair 
assay 

2S smokers 

5 smokers 

O fi -Methylguanine levels in DNA not influenced by 
smoking status 

Jacobson 
etal. (2000) 

Mononuclear^ 

cells 

ELISA 

121 smokers 

PAH-DNA and 8-OHdG adduct levels in smokers 
reduced by vitamin supplements, but differences from 
placebo group not significant 
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Method of analysis Number of subjects 


Peluso et ah 
( 2000 ) 


Rojas et ah 
( 2000 ) 


Vulimiri et ah 

( 2000 ) 


Besaratt Nia 
et al. (2001) 


Lymphocytes 


Lymphocytes 


32 P-P ostl abelling 


HPLC/fl uorescence 


l2 P-Postlabelling 


HPLC/ECD for 8- 
OHdG; comet assay 
for oxidized 
pyrimidines 


162 bladder cancer cases 
104 hospital-based controls 


89 coke oven workers 
(35 smokers, 36 former 
smokers, 18 nonsmokers) 
44 controls (all smokers) 

55 lung cancer cases 
(46 smokers, 6 former 
smokers, 3 non smokers) 
58 controls (39 smokers, 
6 former smokers, 

13 nonsmokers) 

21 smokers 
24 non smokers 


No relationship between smoking and adduct levels 
found, although there was a strong association with 
case/control status. Adduct levels significantly reduced 
in subjects with higher fruit and vegetable 
consumption. Adduct levels influenced by NAT2 
genotype, but not by GST Ml, GSTTI, GSTPI, COMT 
or NQOl genotypes 

BPDE—DNA adducts increased in smokers. GST Ml 
genotype also influenced adduct levels, as did 
combinations of GSTMI and CYP1A1 genotypes, but 
GSTTI genotype did not. 

Lung cancer cases had higher levels of aromatic 
adducts and 8-OHdG than controls regardless of 
smoking status; and among smokers, only higher levels 
of bulky adducts. No correlation was seen between 
levels of the two adduct types. 

Smokers had. lower levels of S-OHdG adduct than 
nonsmokers (38.6 versus 50.9 10 fr dG, p — 0.05). Levels 
of oxidized pyrimidines were lower (not statistically 
significant) than in nonsmokers. 


Table 4.5 (contd) 


Blood cells" 


Method of analysis Number of subjects 


Godschalk Mononuclear 

et al. (2001) cells* 


Hou et al. Lymphocytes 

( 2001 ) 


Matullo et al WBC 

( 2001 ) 


Tang et al. WBC 

( 2001 ) 


van L>elft Lymphocytes 

etal. (2001) 


3Z P-Postlabel!ing H 
nuclease Pj 
enrichment 


"P-Postlabelling + 
nuclease P. 


l2 P-Postlabelling 


2 P-Post labelling 


32 P -Pos tlab el ling 

TLC and HPLC 


170 lung cancer cases 
144 controls (113 smokers 
and recent former smokers, 
201 long-term former 
smokers and nonsmokers) 

81 smokers 

92 former smokers 
131 nonsmokers 


89 lung cancer cases 
(36 smokers, 36 former 
smokers, 16 nonsmokers) 
173 controls (67 smokers, 
72 former smokers, 

32 nonsmokers) 

37 controls (18 smokers, 

19 nonsmokers) 


A positive correlation was found between self-reported 
numbers of cigarettes smoked daily and aromatic-DNA 
adduct levels (p = 0.04). DNA adduct levels correlated 
with 4-ABp-haemoglobin adduct levels. Individuals 
with some combinations of GSTTI or GSTMI 
genotypes with NATl and. NAT2 genotypes had 

significantly different adduct levels. 

Aromatic DNA adduct levels higher in smokers than in 
nonsmokers, especially in controls. Controls with the 
NAT2 slow genotype had higher adduct levels than 
controls with the rapid phenotype. 

No effect of smoking on adduct levels apparent, but 
within each group, polymorphisms in XRCC3 were 
associated with higher adduct levels. XRCC1 and XPD 
genotype affected adduct levels in nonsmokers Only. 

In this prospective study, among current smokers, the 
mean level of adducts among cases was double that 
among the controls (p — 0.03). Smokers bad higher 
levels of adducts than former and nonsmokers, but 
differences not significant. 

PAH-DNA adduct levels significantly higher in 

smokers by TLC method 
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. fhole white blood cell preparations (see Table 4.5). However, a study of adduct levels 
nickers following cessation of the habit did show a decline over time (Mooney et al, 
: 5 ). Il is clem from studies of populations occupationally exposed to agents such as 
: 4s that there are many sources of exposure that result in DNA adducts in blood cells 
whether or not the influence of tobacco smoking is discernible probably depends on 
,. xtent of the contribution of other occupational or environmental sources in particular 

■ { populations. There have also been reports of the influence of nutritional factors on 
Y .s DNA adducts in blood cells in some studies (Grinberg-Funes et al, 1994; 
> ney et al, 1997; Jacobson et al ., 2000), bul nol in others (Wang et al, 1997). The 
£.. elating effects of genetic polymorphisms in xenobiotic metabolizing genes and DNA 
- -sir genes have been implicated in several studies. In general, these observations have 
, „ made on rather smal I numbers of subjects and the magnitude of the effects noted was 
, arge. Confirmation of the findings from larger studies is required. 

\ few reports have suggested that the levels of adducts in the blood of smokers corre- 

■ vith the levels of adducts in the lung (Tang er a/., 1995; Wiencke era/., 1995,1999). 
•■ever, there are also conflicting studies in which no association was found between 

; i. „ of blood BPDE-DNA adducts and levels of adducts in lung {Van Schooten et al, 
; ’’l or in cells obtained by brnnchio-alveolar lavage (Van Schooten et al ., 1997). 

number of studies in lymphocytes have reported an increase in oxidative damage in 
r. jNA of smokers (Kiyosawa et al, 1990; Asami et al., 1996). The magnitude of ibis 
i f . ■ ase, although significant, is generally small (less than twofold) and its biological 
flcance is unclear. In contrast, there have been two reports in which smokers had 
I - r levels of this lesion in DNA from their leukocytes or lymphocytes (van Zeeland 
j’ , 1999; Besarati Nia er oZ, 2001). 

L ieveral studies that have compared smokers with cancer with smokers who are free 
lit 'disease have reported an approximately twofold higher level of lymphocyte adducts 
Sul.; cases. This has been observed in two case-control studies of lung cancer (Perera 
pTc;'.. 1989; Vulimiri et al, 2000) and in one prospective study (Tang et al., 2001), but 
|:i in another case-control study (Hou et al ., 1999). The effect was also observed in a 
te -control study of bladder cancer (Peluso et al., 2000). These findings suggest that 
HM adducts can be considered as biomarkers of risk in some populations, although the 


F latitude of the changes in levels is small when seen against a background of wide inlcr- 
Mvidual variation, making the assessment of risk on an individual basis problematic, 

I Another approach to monitoring human exposure to carcinogens has been to detect 
ge mligenic response to BPDE-DNA adducts in blood cells. Serum antibodies to these 
piiects have been detected in a number of groups of occupationally exposed workers, but 


«2 study of smokers only four of 50 heavy smokers initially tested positive for the anti- 
Jtoi'.'y Paradoxically, the frequency of positivity increased during a cessation programme 
!*’■' hich 28 subjects quit smoking and 22 reduced cigarette consumption by 75% (Puiera 
jpffj. 1997). Nevertheless, in a larger population study of 1345 individuals tested for the 
pence of detectable BPDE-DNA antibodies in serum, there was a positive association 
■p : moking in 17.8% of nonsmokers, 21.5% of former smokers and 25.7% of smokers. 
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There was also a synergism between smoking and family history of lung cancer in deiq. 
mining the prevalence of antibodies (p = 0.02) (Petruzzelli et al, 1998). 

(iv) Blood compounds 

Tobacco use is associated with increased levels of several carcinogens in blood. 4 , .. 
compounds may prove useful as biomarkers of exposure to tobacco smoke wten h... 
samples are collected in epidemiological studies. 

Tobacco is a major source of exposure to cadmium in the general popular..i„ 
blood cadmium concentrations correlate positively with current tobacco smoking, f» 
(WHO, 1992). Cadmium levels increase with the number of cigarettes smoked p 
(Hoffmann et al, 2000). Current smokers have, on average, levels of cadmium tl 
four to five times higher than those of never-smokers (Ellingsen et al., 1997; HoL. 
et al, 2000). Cigarette smoking or both sheesha (tobacco-fruit mixture cooked) H: j 
rette smoking lead to significantly higher blood cadmium levels than those obsutw, 
nonsmokers or in smokers of only sheesha (Al-Saleh et al, 2000). Although smoking Ms 
less effect on lead levels than on those of cadmium, slightly higher levels of lead in blood 
have generally been reported for smokers than for nonstnokers or former smefer 
(Brockhaus et al., 1983; Al-Saleh, 1995; Ellingsen et al., 1997). 

Many studies have shown that the levels of certain volatile organic compouu'. 
blood were significantly higher in smokers than in nonsmokers (Ashley et al, 1996)," 
mean levels of benzene and styrene in blood were significantly higher among smol 
than nonsmokers. The concentrations of benzene in blood were significantly assocu 
with the number of cigarettes smoked per day (Ashley et ul, 1995). Tire difference m 
levels of benzene in blood persisted when comparisons between smokers and nonsmok.. 
in the general public and in occupationally exposed groups were made (Brugnoiw « 
1999). 

The levels ofNNAL(a metabolite ofNNK) has been measured in the blood (uuliyi 
lysed plasma) of smokers (Hccht et al., 1999a). NNAL and its detoxification pimli 
NNAL-glucurouide, can be detected in the blood plasma for up to 2 days after quit! 
tobacco use. Levels of NNAL and NNAL-gtucuronide in blood are 18.8% and [AIT;] 
those in urine, respectively (Hecht 2002). 

(v) Breath compounds 

Exhaled carbon monoxide 

The measurement of exhaled carbon monoxide (CO) has often been used as a tool 
validation of self-reported cigarette consumption and smoking histories and to distinct! ) 
smokers from nonsmokers (Robertson etal ., 1987; Muranaka etal., 1988;Morabia etc ■ 
2001 ). 

The concentration of CO in exhaled air was significantly correlated with die s£ 
reported number of cigarettes smoked per day. The average concentration of expired t 
was 4.9 ppm (v/v) (n = 20) in nonsmokers and 18.5 ppm in smokers (n = 20 ;p ^UfO 


. pie concentration of expired CO in male smokers (n = 12) was 22.7 ppm and in female 
jokers was 12.0 ppm [n = 8 ;p < 0.05) (Muranaka et al., 1988). 

Various measures of exhaled CO as a marker of exposure to cigarette smoke were 
ipared between 400 current regular male and female smokers. Cigarette consumption 
categorized as moderate (< 15 cigarettes/day for at least 5 days per week for the last 
ears) or heavy (> 15 cigarettes/day for at least 2 years), Individuals with genetic 
,A . nts of the CYP2A6 gene (CYP2A6*2 and CYP2A6*A genes) were not included in the 
lysis (« = 25). No difference was found in the number of cigarettes per day or levels 
, ‘xklcd CO between the saxes among Caucasian smokers. Women smoked 19.3 ciga- 
,s per day anil exhaled 19.6 ppm (v/v) CO, whereas men smoked 19.8 cigarettes/day 
, exhaled 20.6 ppm CO. The ratio of nicotiae:CO was determined using plasma 
rtiue levels. Women had significantly lower levels of nicotine in the blood than men 
jj'.J versus 20.9 ng/mL; p< 0.01). Although no significant difference was found in levels 
df CO in breath, women tended to smoke cigarettes with a lower nicotine content and 
1 ' ibeir nicotineiCO ratios were lower than those measured in male smokers. Among olher 
ilhnic groups, there were no statistically significant gender differences in the number of 
yirettes smoked per day, but men had higher concentrations of CO in exhaled air and 

■ gber concentrations of blood nicotine and cotinine {p < 0.01) than women (Zeman etal, 
92). 

The CO level measured in exhaled breath condensate was significantly higher in 
inkers (12.5 ppm) than in nonsmokers (3.4 ppm) and increased significantly to 
'6 ppm 30 min after exposure to tobacco smoke (Balint et al, 2001 ). 

kt the time of delivery, pregnant women who smoked exhaled 8.42 ppm (v/v) CO 
; ected for inhaled air as opposed to 1.33 ppm exhaled by pregnant women who did not 
ike (p < 0.0001) (Seidman et al, 1999). The concentration of exhaled CO in mothers 

■ - > smoked was strongly correlated with the number of cigarettes smoked per day 

: 0,000001). Within hours of delivery, the newborns of women smokers exhaled 
Jpm CO, whereas 1.74 ppm CO was exhaled by newborns of nonsmoking mothers 

■ : 0.0001). Maternal exhaled CO correlated strongly (p < 0.000001) with neonatal 
aled CO. 

", No differences in concentrations of exhaled CO were found between smokers of 
et three mentholated or three non-mentholated cigarettes with different nicotine 
tent (the three cigarettes were smoked 45 min apart, in a single session) (Pickworth 

■ 2002). According to Clark et al (1996), African American smokers had signifi- 

• Hy higher levels of cotinine and CO per cigarette smoked and per millimetre of 
icco rod smoked than white American smokers (p < 0.001). After adjustment for race, 
iber of cigarettes smoked per day and mean length of each cigarette smoked, the 
Knee of menthol was associated with higher concentrations of cotinine (p=0.03) and 
t' (p = 0.02). 

' V preliminary evaluation of a novel smoking system that employs electrical heating 
"■"j; ibacco (600 °C) instead of combustion (900 °C) (Accord®) was carried out by 
riling 10 smokers of‘light’ cigarettes (> 10 cigarettes/day). The novel system limited 

I; 
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users to eight puffs per cigarette instead of their usual 10-11 puffs. The levels ufexpi^ 

CO were lower in subjects using the novel system than when normal cigarettes ■ 
smoked (Buchhalter & Eissenberg, 2000). 

Eclipse® is a novel nicotine delivery device that primarily heats, rather thar bum 
tobacco. In a cross-over study, the number of cigarettes smoked per day decreased 
19 at baseline to 2.1 after two weeks of using Eclipse® (p < 0.001), but exhaled CO cor 
centrations increased from 21 ppm to 33 ppm (p < 0.001). During use of Eclipse®, the COr 
centration of nicotine in blood remained fairly stable although it increased slightly f r0[ _ 
16.8 ng/mL to 1 8.0 ng/mL (Fagerstrdm el al, 2000). ■ ■-;C - 

Smoking fewer cigarettes may reduce exposure to toxins even if the smoket mi. - 
more intensive smoking behaviour to compensate for the reduced number of'ciga..;. h > = 
consumption is reduced from an average of 37 cigarettcs/day to an average of fl\e 
rettes/day, the intake of tobacco toxins per cigarette increased roughly threefold aid daif, v 
exposure to tar and CO declined by only 50% (Benowitz etal, 1986). The redmti on n ,- 
cigarette consumption from 40 cigarettes/day to 20 cigarettes/day was not followed.!);' 
any consistent reduction in the levels of biomarkeis of exposure to tobacco carcinonerr ' • 
(Hurt el al., 2000). '.•/ 

Exhaled nitric oxide 

Nitric oxide (NO) is formed from L-arginine by the enzyme NO synthase (NOS) No 
is a highly reactive molecule that can be oxidized or complexed with other biomolecuk 
depending on the microenvironment. The stable oxidation products of NO metabolism an 
nitrite and nitrate. Cigarette smoking is associated with an increased risk for respirator ' 
tract infection, chronic airway disease and cardiovascular diseases, all of which may. be 
modulated by endogenous NO (which acts as an endogenous vasodilator). Cleared;: 
smoking reduces the levels of NO exhaled by healthy subjects, but the mechanism lor ;bi: " 
is unclear (Schilling et al., 1994; Yates e/ tv/., 2001). In the study by Yates ef«/(-6dij, - 
the amount exhaled by active smokers was significantly less than the amount of NO o. 
exhaled by subjects who were exposed to sham and passive smoking for the same length, 
of time (49 ppb (v/v)after 15 min of active smoking, a 30.3% decrease from the fyydint 
level of 71 ppb versus 115 ppb in subjects exposed to sham smoking and 102 ppb ir, 
subjects exposed to passive smoking), Schilling et al (1994) reported the same Irene, wilt 
concentrations of exhaled NO being lower in smokers than in nonsmokers exposed w . 
secondhand smoke (mean, 16 ppb in women who smoked versus 21 ppb in women 'who "■- 
did not smoke and 15 ppb in men who smoked versus 19 ppb in men who did not smoke;, -- 
However, the absolute values were much lower than those reported by Yates et al (Ml3 ^ 
In a single-breath analysis, smokers exhaled about 20 ppb NO, healthy controls, 40 ppt I / 
and asthmatic patients, 60 ppb (Peisson el al, 1994). Kharitonov et al. (1995) report* 1 ! fy 
that smokers exhaled 42 ppb NO, whereas the concentration exhaled by nonsmoh^ ,-j 
R8pph(/j<0.01),Therewasasigmficantrelationshipbetweentheamountofexb 0 ■ ' V ■ 
andcigarctteconsumption(r = -fr.77,p<0.00I) t 


Measurement of exhaled NO may yield information about the mechanisms 
■ - n: pitying cigarette-induced lung damage. Balint et al. (2001) found that there was no 
L ference between smokers and nonsmokers in the levels of nitrite, nitrite + nitrate, S- 
, osothiols and nitrotyrosine in the exhaled breath condensate at the baseline visit. 
Ij nuty minutes after smoking two cigarettes, the levels of nitrite + nitrate were 
■] ‘ _nificantly increased (from 20,2 to 29.8 pM,p < 0.05) and returned to the baseline 
: ' jo 90 min. There was no significant change in the levels of exhaled NO, nitrite, S- 
. j ; , osothiols or nitrotyrosine 30 and 90 min after smoking two cigarettes. There was no 
,j . l . . atlon between levels of exhaled NO and NO metabolites in breath condensate 
| - , lire and after smoking. 

: . u ene 

reath analysis under controlled conditions has been used to measure the exposure to 
. iene associated with active smoking (Jo & Pack, 2000). The mean benzene concen- 
2 1 . ions in exhaled breath measured l min after smoking 5.0 cm of a cigarette (to a 
4 7 mining butt length of 3,3 cm) ranged from 58.1 to 81.3 pg/m 3 , depending on the com- 
¥ vial cigarette brand, whereas benzene concentrations measured prior to smoking 
cjp /d from 15.9 to 19.2 pg/m 3 . These post-exposure concentrations of benzene in breath 
i much higher than the mean concentrations of benzene in breath reported in some 
>■ ir;.' nous studies (e.g. 16 pg/m 3 among smokers versus 2.5 pg/m 3 among nonsmokers; 

T001) (Wallace & Pellizzari, 1986) in which the exposure conditions and post- 
. f piing times were not controlled. The concentration of benzene in breath increases 
' ( ■ the number of cigarettes smoked: from 9.4 pg/m 5 (no cigarettes) to 47 pg/m 3 (> 50 
;j f i.nrettes/day). The increase in concentrations of benzene in breath after active s moki n g 
j e to benzene being absorbed through the lung while an individual is smoking. From 
” t measurements of benzene in mainstream smoke, it was calculated that a typical 
- *er (30 cigarettes/day) inhales 2 mg benzene daily, whereas a nonsmoker inhales 
vi '“/day (Wallace et al, 1987). 

! ■) ">le organic compounds 

ilatile organic compounds (VOC) other than benzene are often measured in expired 
" in to determine the exposure to cigarette smoke. Among 20 VOC analysed by Wallace 
■ ’Vllizzari (1986), the levels of meta + para-xylene, ethylbenzene, ortho-xylene, 

: . r ie and octane were found to be statistically significantly higher (p < 0.05) in smokers 
' -198) than in nonsmokers (n = 322). Significant increases in the concentration in 
3 , ' 1 with number of cigarettes smoked were noted for styrene, ethylbenzene and meta 

j ai' j-xyiene (Wallace et al. , 1987). 

j & iordon (1990) analysed VOC in the exhaled breath of 26 smokers and 43 tion- 
f | er s to identify possible biochemical market? of exposure to cigarette smoke. Among 
S .> 1 'C-MS peaks, 2,5-dimethylftiran was found to have sufficient discriminatory power 

c f p ow almost complete distinction to be made between smokers and nonsmokers, 
i ^ al other compounds could also be used to distinguish between the two groups with 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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a high level of accuracy. However, the half-lives of these compounds must be determine 
before they can be exploited as practical indicators of exposure to smoking. s _ - * 
Ethane, often used routinely as a marker of lipid peroxidation, has the potential to h 
a non-invasive marker of free-radical activity. Ethane levels in exhaled air were found,, 
be higher in active smokers than in former smokers and nonsmokers (2.9 pmot/min) 
versus 1.55 and 1.11 pmol/min/kg, respectively), reflecting the presence of ethane in rig; 
rette smoke (Habib et al. , 1995). '-f - ■ '' 

The levels of isoprene in exhaled breath increased on average by 70% after smo- h ■ 
one cigarette. The concentration of acetone increased by 22%, whereas that of efhiti 
decreased by 28% after smoking one cigarette (Senthiimohan et al. , 2001). ^..•' c 

(vi) Other 

Polycyclic aromatic hydrocarbons 

Several studies have quantified PAHs in lung tissue (Tomingas et al., 1976; St 
etal., 1993; Tokiwa et al., 1993; Lodovici et al, 1998). In a recent investigation, tl. 
quantities of 11 PAHs were measured in 70 lung tissue samples from 37 smokers and.: ■■ k 
nonsmokers (defined by semm cotinine concentration). The Sum of PAH concentraiioi 
was higher in smokers and there was a dose-response relationship for smoking ctanet. 

rized by increasing serum cotinine (Goldman et al, 2001). 

, • 

Benzo(a]pyrene 

Benzo[a]pyrene and several of its metabolites were detected in the cervical mucus ■ 
both smokers and nonsmokers (Melikian et al., 1999). 

A-Nitrosamines 

The tobacco-specific nitrosamine, NNK, was detected in 16 samples of cewir! ' 
mucus from 15 women who were smokers at conceulratiuus of 11.9-115 ng/g (ntccu ...yt 
(two samples were collected from one smoker at different times) and in nine of 10 sampl . 

from nonsmokers at concentrations of 4.1-30.8 ng/g (mucus), but the concentrations 
NNK in specimens from cigarette smokers were significantly higher than in tho 
obtained from nonsmokers (Prokopczyk et al., 1997), Further studies demonstrated d , 
human cervical tissue can metabolize NNK by both tt-hydroxylation and carton • I ^ 
reduction (Prokopczyk etal., 2001). j 

NNK was detected in 15 of 18 samples of pancreatic juice from smokers atcou«'- % 
trations of 1.4-604 ng/mL and in six of nine samples from nonsmokers (range of corn:; i 

(rations, 1.13-97 ng/mL), and the levels were significantly higher in smokers than in nc 1 • - j 
smokers. NNAL was present in 11 of 17 samples from smokers and in 3/9 from nc j 
smokers. NNN was found m two of 17 samples from smokers (68 and 242 ' 1 

(Prokopczyk etal., 2002). , ( ’ J 
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particulate matter (tar) 

f A problem in the analysis of exposure to tobacco smoke is that there is no direct 
marker for tar uptake (exposure). The biomarkers most frequently used for measuring the 
uptake of tobacco smoke (nicotine and cotinine) reflect the exposure to particulate-phase 
Mijstituents. 

Russel et al. (1986) and Woodward and Tunsfall-Pedoe (1992) used an indirect 
. measure, based on the assumption that the intake of different smoke components relative 
to one another is proportional to their concentration in the smoke, to evaluate the exposure 
] ofonokers in large population studies. Two tar indices were calculated: 

• tar index (CO) = eCO x tar yield/CO yield; and 

• tar index(cot) - serum cotinine x tar yield/nicotine yield 

where the ‘yields’ were the values obtained by standard machine-smoking methods and 
spired CO (eCO) and serum cotinine were the individual’s values. An average tar index 
was calculated as a weighted mean of the two indices for each individual, using the 
- v- rse standard deviations as the weights. This approach was validated by testing its abi- 
1 to predict the levels of one marker by use of another. For example, using blood 
■ uiuoxyhaemoglobin (COHb) concentrations and CO nicotine yield ratio of the 
cigarettes, the mean concentration of nicotine in the blood of smokers of low-tar 
• cigarettes was predicted to be 31.9 ng/mL, whereas the measured mean was 31.8 ng/mL. 
:: Based on (he measurements of the concentrations of cotinine, nicotine and COHb in blood 
and the calculated tar indices foT 392 smokers (255 women and 137 men) of L middle-tar' 
/(17-22mg), Tow-to-midd!e’(tl-16mg) and Tow-tar’(< 11 mg) cigarettes, Russell etal. 

"986) concluded that despite substantial compensatory increases in inhalation, the low- 
^ - .mokers took in about 25% less tar, 15% less nicotine and 10% less CO than smokers 
middle- and low-to-middle tar cigarettes. Similar outcomes were reported by 
odward and Tunslall-Pedoe (1992). They evaluated the exposure of 1133 male and 
'7 .1 female smokers of the three groups of cigarettes (low lar [< 13 mg/cigarette], middle 
[14-15 mg] and high tar [> 15 mg]) in the Scottish Heart Health Study by measuring 
expired CO, semm thiocyanate and serum cotinine and calculating the indices of tar 
e sumption. Expired CO and cotinine were found to peak in the middle-tar group. Tar 
mmption increased with tar yield of the cigarette smoked, but the increase in 
mmption was much lower than would be expected, This finding led to the conclusion 
♦he tar yield of a cigarette is not an accurate guide to the amount of smoke compo- 
■ .vonsumed by the smoker, 

f * he atherogenic potential of mainstream smoke is associated with the particulate and 
' ■ our-phase components and not with CO. The thrombogenic potential is also associated 
■’the particulate matter and vapour phase (Smith & Fisher, 2001). 

„ ' ‘‘Dtine and its metabolites as markers of exposure to tobacco smoke 

*' dicotine is the principal alkaloid present in tobacco. Nicotine is also the main addic- 
constituent of tobacco products. It also has other pharmacological activities and toxic 
cts (Domino, 1999). Manufactured cigarettes contain 1-7% nicotine by weight 
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(6-12 mg nicotine/cigarette) and, of this, 15-25% enters the mainstream smoke while 
75% is emitted into the air as sidestream smoke (Benowitz, 1999a). Nicotine is also found 
in exhaled smoke (Curall & Enzell, 1986; 1ARC, 1986; California Environmental Pro¬ 
tection Agency, 1997) (see Section 1). 

An overview of the pathways of nicotine metabolism is presented in Figure 4.4. Nico¬ 
tine is hydroxylated at the 5'-position by cytochromes P450 to yield an unstable inter¬ 
mediate, 5'-hydroxynicotine (5; see Figure 4.4), which exists in equilibrium with A 1 '* 5 ! 
iminium ion (6). 5' Hydroxynicotine is oxidized by aldehyde oxidase to cotinine (8), Cob- 
nine, in turn, is metabolized further tu cotinine-ghicuronide (cotinine—Glue, 9), irons- 3- 
hydroxycotinine (12) and fram-3'-hydroxycotmine-glucuionide (fram-B'-hydroxy- 
cotinine-Gluc, 13) (Gorrod & Schepers, 1999). 2'-Hydroxylatinn of nicotine, mediated by 
cytochromes P450, gives 2 , -hydroxynicotine (4), which spontaneously yields A 1 ' 1 ^ 
iminium ion (3) and 4-(methylamino)-l-(3-pyridyl)-l-butanone (aminoketone, 7), also 
known as pseudooxynicotine. Aminoketone (.7) is then converted to 4-oxo-4-(3- 
pyridyl)butyric acid (keto acid, 11 ) and 4-hydroxy4-(3-pyridyl)butyric acid (hydroxy 
acid, 14) (Hecht e/ a/., 2000). 

The major urinary metabolite of nicotine in smokers is /ranr-3’-hydroxycotinine (LI) 
(about 40% of total urinary nicotine and metabolites), This is followed by cotinine (8) and 
cotinine-Gluc (9) (12-15% of each), /ra«r-3'-hydroxycotinine-Gluc (13) (10%), hydroxy 
acid ( 14 ) (8%) and keto acid ( 11 ) (2%). Unchanged nicotine (8% of total urinary nicotine 
plus metabolites) and nicotine-Gluc (2) (2-3%) also occur (Byrd et a!., 1992; Benowib: 
etal, 1994; Hechter ah, 1999b). 

Since the mid-1980s, studies that have measured exposure to tobacco smoke and fo 
biological effects have predominantly used nicotine and its metabolite cotinine deter¬ 
mined in blood, urine or saliva as biological markers of exposure and uptake of tobact' 1 
smoke (IARC, 1986; National Research Council, 1986; US Department of Health and 
Human Sendees, 1986; Environmental Protection Agency, 1993; California Environ¬ 
mental Protection Agency, 1997). The main advantage of using nicotine and, consequent b 
that of cotinine, as a marker compound over other markers is their specificity for tobaR 0 
and tobacco smoke. The measurements of all the metabolites in Figure 4.4 provides a 
more complete assessment of nicotine uptake. 

The half-life of nicotine in the body is short, approximately 2 bin nonsmokers (1A RG : 
1986; Benowitz, 1996; Benowitz & Jacob, 1997; Benowitz, 1999b). Nicotine con- 
nation can therefore reflect only acute exposure. This limits its use as a biomarker (IAT 
1986; US Environmental Protection Agency, 1993; Benowitz, 1996). The concentrate 
of nicotine in blood or plasma are higher in smokers than in nonsmokers. but vary cC 
derably, mainly depending on the number of cigarettes smoked recently. Other variab 
such as the tar content, yield of nicotine, average number of cigarettes smoked per da 
type of filter, have been found to be poor predictors of nicotine concentrations in the b" ' 
(IARC, 1986). 

The concentrations of cotinine can be measured in blood, urine or saliva samp- 
Because of its specificity and the availability of sensitive methods for reliable meas 
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Figure 4.4. Pathways of mammalian nicotine metabolism initiated by 5'-hydroxyl- 
ation and 2'-hydroxylation 


for" 

V ^ HO*T 

nicothrt (1) nJcrtlfte-Gluc (2) 

P45Q 


CQ(P (Of cji. 


* * 

jrS-cfl] er t £-**r I 2 


I 


it * 

([QfP 0 rf/?' 
nln,W 


^ amlnokelone 


cobnino-Gluc (9) 


I 

CH z 

f«/a-3'-hydJoiycolinlt«-Ouc (13) 


CHa 

fnM«-J-bydroxyoo|ln1n6 (12) 


OH 

hydroxy add (14) 

ei pathways not shown include Af-oxidation, A-demethylation and A'-methylation. 
0, cytochrome P45(l; UGTs, UDP-ghicunonosyl transferases 
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tits, cotinine, regardless of the body fluid, is currently the most widely used biomarkeT 
measuring tobacco smoke uptake (reviewed in IARC, 1986; National Research 
ancil, 1986; Jarvis et al, 1987; Muranaka et a!., 1988; Etzel, 1990; US Environmental 
■- tection Agency, 1993; Benowitz, 1996,1999b). It has a sensitivity of 96-97% and a 
cificity of 99-100% (Jarvis et al, 1987). The half-life of cotinine in smokers is longer 
that of nicotine, on average about 16-20 h, with a range of approximately 10-40 h 
Environmental Protection Agency, 1993; Benowitz & Jacob, 1994; Benowitz, 1996, 

1 rez-Stable et al., 1998; Benowitz, 1999a,b). Cotinine concentrations are a good measure 
average daily exposure to tobacco smoke and reflect the exposure to tobacco smoke 
, er the past 2-3 days (IARC, 1986; National Research Council, 1986; US Environmental 
Section Agency, 1993). Cotinine concentration, however, is not suitable for measuring 
,r e long-term exposure, although it may serve as a surrogate measure for that purpose. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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The main determinant nf cotinine levels in smokers and nonsmokers, like that ofnioj, 
tine, is exposure to tobacco smoke (reviewed in [ARC, 1986; National Research Council, 
1986, US Environmental Protection Agency, 1993; Benowitz, 1996, 1999a) and also 
exposure from use of products designed for nicotine replacement therapy (Leyden etai 
1999). However, some variability due to individual differences in uptake, metabolism,' 
distribution and elimination occurs (Benowitz et d., 1982; Benowitz, 1996; Benovrj # 
Jacob, 1997; Benowitz a al, 1999,2002). The amount of nicotine converted to cottnine 
in humans varies, and this variability is attributable to dietary, environmental and genetic' 
factors (Benowitz etai, 1996; Benowitz & Jacob, 1997; Benowitz, 1999a; Hechtan/ 
1999b; Sellers el al., 2000). Differences in the metabolism of nicotine and cotinine have 
been reported to occur between various racial and ethnic groups (Wagenknecht et al, 
1993; Caraballo etai, 1998; Perez- Stable etai, 1998; Benowitz etai, 1999; Kwooefa/} 
2001). These differences have been associated with slower metabolism and lower uptake 
cl’nicotine in some populations (Benowitz et al., 1999,2002), whereas in others uptake 
may be higher (Caraballo etai, 1998). 

i Many studies have demonstrated that cotinine levels are clearly higher in smokers 
.than in nonsmokers, leading to increased levels of cotinine being detected in the urine, 
serum and/or saliva of smokers. Generally, urinary cotinine concentrations are more that 
one hundred times greater in smokers than those in nonsmokers (e.g. [ARC, 198)1; 
National Research Council. 1986; US Department of Health and Human Services, 1986; 
Jarvis et al.. 1987; Etzel, 1990; Tunstall-Pedoe etai, 1991; Environmental Protection 
•Agency, 1993; Pirklc et al., 1996; Jarvis et al., 2001). The large studies have beat 
consistent in showing a positive correlation between cotinine levels and number of ciga¬ 
rettes smoked per day regardless of the body fluid in which cotinine was memnirrf;. : . 
however, the magnitude of the correlation varies to some extent (1ARC, 1986; Naii :-ail 
Research Council, 1986; US Department of Health and Human Services, 1986; USLr.f 
ronmental Protection Agency, 1993; Law etai, 1997a; Etter etai., 2000). 

Carboxyhaentoglobin and thiocyanate - 

The uptake of tobacco smoke constituents from the gaseous and particulate p.u.<sef-- 
mainstream smoke, inhaled by smokers, and of secondhand smoke, breathed in by 
smokers, was investigated by Scherer et al. (1990). Tobacco smoke uptake was qusnn:i3 
by measuring COHb in erythrocytes and measuring nicotine and cotinine in plasma and 
urine, and the data obtained were correlated with urinary excretion of thioetheis (U°; 
markers of electrophilic mainstream smoke carbonyls such as acrolein) and with iMt*" 
genic activity. Alt increase in all biochemical parameters was observed in smokes wi>P 
inhaled the whole smoke of 24 cigarettes over a period of 8 h, whereas, after smoking 
gas phase of mainstream smoke under the Same conditions, only an increase ofy® >... 
and, to a minor degree, in urinary thioethers was found. :•*' 

Serum thiocyanate has often been used for the validation of smoking histories as-SSfcr 
as for tiie assessment of passive exposure to cigarette smoke. There was a sigadf ^^ 
increase {p < 0.01) in serum thiocyanate with increased smoking. The concentrat : 0 fjj*jP 
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j serum thiocyanate in plasma were positively associated with moderate and heavy 
j smoking, but could not distinguish between nonsmokers, light smokers and passive 
i smokers. Fourteen smokers enrolled in this study had serum thiocyanate concentrations 
! higher than 70 pM. The complementary assay of exhaled CO was helpful in confirming 
nonsmoking status. Using a combination of serum thiocyanate and exhaled CO levels, 
.) nonsmoking status was confirmed in 98% of the cases (Robertson et al., 1987). . 

] ' 

; Genetic factors affecting the metabolism of nicotine to cotinine 

* Genetic factors are among the major determinants of the variation in the metabolism 
1 of nicotine to cotinine. Poor metabolism of nicotine with lack of cotinine formation has 
1 been seen and shown to have a genetic basis (Benowitz et al., 1995). Many P45 0 enzymes 
] are involved in the oxidative metabolism of nicotine; they include P4502A6, P4502B6. 
| P4502D6, P4502E1, P4501A2, P4503.44 and P4501A1 (Yamazaki et al., 1999), but, in 
1 contrast to the findings reported from earlier studies, P4502D6 probably plays only a 
I minor role (Benowitz et al., 1996; Nakajima et al, 1996; Yamazaki et al., 1999). Accor- 
| ding to present data, the most important and rate-limiting gene in 5 '-hydroxylation 
t [c-oxydation] of nicotine to cotinine is P4502A6 (Nakajima et al., 1996; Messina et al, 
| 1997; Yamazaki et al, 1999). In addition, there are data indicating that P4502A6 is 

* involved in Z'-hydroxylation of nicotine potentially leading to endogenous formation of 
■ MNK. this was reported to occur in human liver microsotnes incubated with nicotine at 

* a rate of about 6% of that of cotinine formation (Heeht et al, 2000). 

j P4502 A 6 enzyme activity can be lost as a result of a genetic polymorphism that can 
•; give rise to homozygosity for the inactive alleles of CYP2A6. In addition, individuals who 
j ® carriers of alleles with an inactivating mutation in a heterozygous condition and/or 
3 cany defective alleles of decreased enzyme activity are deficient in metabolizing nicotine 
j lo cotinine. Subjects with low P4502A6 enzyme activity have significantly lower levels 
S of cotinine, as seen in smokers and in those administered nicotine via another route 
1 (Femandez-Salguero et al., 1995; Oscarson etai, 1998; Kitagawa etai, 1999; Nunoya 
| “al., 1999; Oscarson et al, 1999; Nakajima et al, 2000; Kwon et al. , 2001; Nakajima 

* “ 2001; Yang et al., 2001; Xu etai, 2002). The prevalence of the homozygous geno- 

J l 7P es with two inactive alleles varies in different populations. They are very rare among 

* Caucasians and Japanese populations, but have been reported to be somewhat more 
> common in the Chinese population (Yokoi & Kamataki, 1998; Kitagawa etai, 1999: 
j Oscarson et ai., 1999). More than 9o% of members of Caucasian populations who show 
•■i CYP2D6 poor-metabolizer phenotype can be diagnosed by gene analysis, whereas 
i about 20-30% of poor metabolizers can be diagnosed by the known mutant alleles in the 
■i Ja P an «e population. Subsequently to this finding, a new mutation, CYP2D6 J9 was found 

Japanese population (Yokoi & Kamataki, 1998). In addition, a gene duplication 
pnotype associated with increased plasma cotinine has recently been reported to occur at 
a lew frequency in Caucasians (Rao et al, 2000). It has been proposed that CYP2A6 poly- 
j| oiorphism may be a major determinant of an individual’s smoking behaviour and may 
S lead to less desire to smoke (Pianezza et al, 1998; Sellers et al, 2000). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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, m addition to the individual mt and vMx ^ i 
.holism of nicotine, variation mtheg J 2 metabolized by JV-giu. ^ 

exists (Benowfe et ai, 1999). ^j.”J^^^M^u^mMyltran5ferase (UGI) A*^. J 
nidation catalysed by imdme-5 U ^ Althoug hthe specif. 1 7h ; 
(see Figure 4.4; Dyrd et ai, 19 , known it has been observed that life*lij -T; 

involved in these metabolic steps are ^ evidence of slow and MkM* 

ronidation of mcotineand^ factors may influence 

curomdation (BenowttZ et a J ofth e genes encoding UGTs a? to, j 

dation, but with current data. tnd.e gth ) ® enelic polymorphism ma. $ - J 
morphtc (BurchelUi al, 200 .Mack tjon h3S been found to vary ao-t- j 

(Benowitz et ai, 1999). ■ • ■ - 

- 

4.1.2 Experimental systems =- 

( fl ) Effects of tobacco smoke on enzyme activities 

In-vivo studies . nn enz vme activities in animals 

Most investigations 0 ! the effects■ 0 to auo^ ^ anUoxldant enzy mes in the lung j 
have measured changes m levels 0 p ,9 also m( , aslir e d its effects <m 4 

mouse lung and liver has been re P°* d a few days after initial exp&gp: 

activity of most of these OBJ™** J* leveSs U5Ua n y icm ain elevated j 

the mice to tobacco smoke, and the enzy ’ es can k attributed■ wjjkl 

•«*». It » P*t* “ k tT »k, P4502E1 «*«fl 

olhc r phase I eniymcs bo'h in the »S5 ^ I 
induced to a greater extent (5 b > P4502C1 is strongly induced^ , 

liver of mice (Villard et al, ■ > , 1996) To investigate the role of tiicotin? 

tctacc — » — «** |S 'i Slt saline et nice- j 

the induction of CYP2E1, rats were treated once 1 ! 

(«■'.MLtlnla, 

immunostaining for CYP2E1 of CYP2E1 were increased 

Western-blot analyses reveale t at ep f cWor20XaZ one (Le. 
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•fable 4.6. Effects of tobacco smoke on enzyme activities 

Species Strain'sex Enzyme affected Effect (tissue) 


C57BL/M 

Aryl hydrocarbon 

+ (lung) 

Gairola(19S: 


hydroxylase 



NMRI/M 

P450IA1 

+ (iujig, liver) 

Villard et al. 


P450 2B 

+ (liver) 

(1994) 


P4502C 

+ (liver) 



P450 2D 

+ (liver) 



P450 2EI 

+ (lung, liver) 



P450 3 A 

___±.(liver) 


NV1R1/M 

P450 1 Al 

ND (kidney) 

Seree et al 


P4502B 

ND (kidney) 

(1996) 


P4S0 3A 

ND (kidney) 



P4503F.I 

+ (kidney) 


NMRL'M 

P4501A1 

- (lung) + (liver) 

Villard et al 


P450 I.A2 

+ (lung) 

(1998a) 


P4502B 

+ (lung, liver) 



P450 2EI 

- (lung, liver, kidney) 



P450 3 A 

i-(liver) 



U DP-glucuronosyl- 

i (lung, liver) 



Aryl hydrocarbon 
hydroxylase 

Ethoxyresorulin-O- 

deethylase 

Aryl hydrucaibun 
hydroxylase 
N i t ro sod i me thyt a m i n c 
demethylase 

Aryl hydrocarbon 

hydroxylase 

Edioxyreaorufin-O- 

deethyiase 

Catalase 

Glutathione peroxidase 


± (lung) — (liver) 
+ (lung) + (liver) 
+ (lung, liver) 

+ (liver) 


h (lung, liver) 


r (lung, liver) 


NE (lung) 
NE (lung) 


Villard d al. 
(1998b) 


Gairota (1987) 

Godden et at. 
(1987) 

Pasquhii et at. 
(1987) 


Bagnasco el al. 
(I M2) 


Wurzel er ai 
(1995) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 4.6 (contd) 
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Speeds 


Rat 


Guinea-pig 


Strain,'sex Enzyme affected 

Albino/M 

Glutathione reductase 
Gluathione peroxidase 
Catalase 

Albino/M 

Aniline 4-hydroxylase 
7-Ethoxyicsorufm-O- 
deethylase 

pura-Nilroanisole 0- 
demelhylasc 

Glutathione-S-lransferase 
Aminopyrine N- 
detr.ethylase 

Fischer 344/M 

P450 1 Al 


P450 IA2 


P450 2BI/2B2 

Albino/M 

Catalase 

Superoxide dismutase 
Glutathione peroxidase 
Glutailiioiie-5-transfcrase 

S-D {sex not 
specified} 

Nitric oxide synthase-1 
Nitric oxide synthase-2 
Nitric oxide synthase-3 

Wisiar/M 

Nitric oxide symhase-2 
NF-kB 

Mitogen-activated protein 
kinases (Melt 1, ErkI) 
Protein kinase C, VlekJtl. 
Ink. p38, c-Jun, c-Myc 

Hartley/M 

Aryl hydrocarbon 
hydroxylase 

Not specified 

Collagenase 


Effect (tissue) 


Reference 


-(kidney) 

+(kidney) 

- (kidney) 

+ (lung) NE (liver) 

+ (lung) + (liver) 

+ (lung) + (liver) 

- (lung) ± (liver) 

NE (lung) + (liver) 

- (lung, liver, nasal 
mucosa) 

-(lung) + (liver, nasal 
mucosal 

- (lung) + (liver) 

- (nasal mucosa) 

a (lung, liver, kidney) 
a (lung, liver, kidney) 
t (lung, liver, kidney) 
a (lung, liver, kidney, 
brain) 

NE(lung) 
a (lung) 
a (lung) 

a (lung) 
a (lung) 
a (lung) 

NE (lung) 

NE (lung) 

+ (lung) 


Anandero) 

(1996) 

Eke ei at.. 
(1996) 


Wardlawefol 

11998) 


■ ‘.rSfe. 

Baskairan 
el al. (1999) .: ' 


Wnghte/ul.. 

(1999) ,, 5 . 


Chang el d 
( 2001 ) 


Gairola(1987> 

Sclmane'^ 
(1996) 


Vi, male; r. lemate, iuau«u. , ... * 

NL). not detected; lIDr. uiidiue-S'-diphosphate; S D. Sprague-Dimley: NE. no 

factor-KB 


■ase, outers a '-‘■•.v 
effect; NP-kM"** 
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enhancement of metabolism by microsomes from nicotine-treated animals is consistent 
with the observed increase in CYP2EI protein as measured by immunoblot analysis. The 
data suggest that nicotine may increase CYP2E1-induced toxicity (Howard et al. 2001). 
Although not detectable in mouse lung, P4503A is induced by tobacco smoke in mouse 
liver (ViHard ei al.. 1994). Some investigations have reported conflicting results on the 
extent ot phase I enzyme induction by tobacco smoke. For example, in one study, 
P450IA1 was induced in the liver'oTNMRI mice exposed to tobacco smoke (Villard 
eld. 1994) whereas, in another study in the same laboratory, P4501AI activity was 
either reduced or not detected in the liver of NMR1 mice (Villard et al.. 1998b). These 
opposing results might be explained by the length of the exposure period: P4501A1 was 
induced in mice exposed to tobacco smoke for 4 or 8 days, and was reduced in mice 
exposed for 30 days. In one icporl on the effects of tobacco smoke on phase II enzyme 
activity in the tissues ot mice exposed to tobacco smoke. UGT was induced in the lung 
and liver, but not in the kidney (Villard ei al.. 1998a). 

The induction ot phase i and phase ![ enzymes in rats has been thoroughly investi¬ 
gated liable 4.6). An early study demonstrated a three- to fourfold induction of Ahh in 
lung microsomes of Sprague-Dawley rats exposed datlv to either mainstream or side- 
stream whole smoke for 16 weeks (Gairola, 1987). The magnitude of Ahh induction in 
animals exposed to mainstream and sidestream smoke was similar, although the dose of 
smoke particulates received from rats exposed to sidestream smoke was significantly less 
than the amount inhaled by the corresponding group exposed to mainstream smoke. In 
another study, Ahh was induced in both the lung and liver of Sprague-Dawley rats given 
intraperitoneal injections of condensates of mainstream and sidestream smoke. The induc¬ 
tion of the enzyme in the lung exceeded that in the liver, and the sidestream-smoke con¬ 
densate was a more effective inducer than the mainstream-smoke condensate. The activity 
of lung and liver NDMA demethylase was unaffected by treatment with either condensate 
(Pasquini et al, 1987). Ethoxyresorufin O-deethylase (associated with P4501AI/2) acti¬ 
vity was induced to a similar extent in both the lung and liver of Wistar rats after a single, 
>hort exposure to cigarette smoke (Godden et al.. 1987). In another study, Sprague- 
Dawley rats were exposed to mainstream smoke produced by a commercial filter-tipped 
cigarette for 8 consecutive days, amounting to a cumulative exposure to 75 cigarettes. The 
Oiost pronounced changes in enzyme expression consisted of a 2.6-fold induction of Ahh 
the lung and an eightfold induction of ethoxyresorufin O-deethylase in the liver 
(ftagnasco ef al., 1992). In addition to Ahh and ethoxyresorufin O-deethylase, other phase 
I enzymes that were induced by tobacco smoke in either the lung or liver of rats included 
J titiine 4-hydroxylase, /rwa-nitroanisole O-demethylase. and aminopyrine N- 
dernethylase (Eke et al., 1996). With the exception of aniline 4-hydroxylase, the 
Wucibility ot these enzymes in the lung and liver was similar in rats ranging in age front 
8 da ys to 360 days. Aniline 4-hydroxylase was induced in the lung and liver of 20-day- 
# ld rats, but not in 360-day-old rats (Eke et al. 1997). A more recent study in Fischer 344 
fcts reported on the inducibility by tobacco smoke of P450I Al, P4501A2 and P4502B1/2 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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t0 tillered air for 2 or 3 weeks. The inducibility of the three enzymes varied signify,!* 

mm levels were increased in all three tissues; M50IA2 was increased s gh^ 

d mucosa and liver and decreased in lung; and P4502B1/2 was increased mj^ 

n3Sa i a /uwdlaw et al 1998). These and other data.su; 

decreased in nasal mucosa and lung (Waruiaw el at ., 

that the regulation of xenobiotic-metabolbing enzymes varies from one rodents 

• •• / . 

^In a study of the effects of tobacco smoke on the activity of phase LI enzymes, u 
tissues, liver glutathione 5 -transferase (GST) activity with regard to ethacrynwacid; 
increased by tobacco smoke whereas that with regard to 1 , 2 -epoxj-^, 
aitrophenoxyl-prapane was decreased (Eke er al, 19%). Hepatic GS Mp, 
t . ch [oro-2 4 -dinitrobenzene or l, 2 -dichloro- 4 -nitrobenzene were anatoedLb the 
however the activity of GST against all substrates was decreased by tobac^rai 
These results indicate that the regulation of hepatic and pulmonary GSTs rs chf^j 
influenced by tobacco smoke. Cigarette smoke has the potential to depress severely^ 

detoxification capacity of the lung. .... ' 

The effects of tobacco smoke on the activities of the antiox.dant erzyn.cs.c-. 

J ^ i Tmuta^ 

Teen Sled (Tabl 4 . 6 ). In one study in which Sprague-Dawley rats M 
to mainstream cigarette smoke for 65 weeks, oxidative stress was increased whe«a 
activities of catalase and glutathione peroxidase in the lung were not sigmficanjy| 
bv exposure to smoke (Wurzel cr al, 1995). In another study, the activities of gin* 
reduaase and catalase were reported to be decreased in the kidney of rats exposal* 
banco sml tor 3 months, whereas the activity of glutathione peroxidase and g 
peroxide levels were increased. The excretion of glutathione and lipid 
was alsoincreaseiTbeauthors concluded that 

neroxide in the kidney and urine seen in chronic exposure* tobacco J 
? 99 6 ) In a more recent study, the activities of catalase, superox.de dismu 
glutathione peroxidase were increased in the lung, liver and kidney oi albino & 
fo tobacco smoke for 2 X 15 min per day for 30 days. The actrv.ty ofGbT 
increased in the lung, liver and kidney. Interestingly, the « tf J 

enzymes were unchanged in the brain and heart of the. animals, r. , ; .v 

the brain. The authors concluded that tobacco smoke induces hpid 
i liver and kidney, and the levels of the antioxidant enzymes are «n C ^ ^ 
these tissues against the deleterious effects of oxygen-derived tree radicals l ^ ^ 

Cl! ' Nitnc oxide synthase (Nos) catalyses the production of NO whiolk throi^h^^ 
version to peroxymitnte, can cause damage to cellular 
tobacco smoke onife gene expression and protein production ha 
lung of rats exposed to tobacco smoke either once only or daily and k.de ft 
28 days of exposure. Nosi Nos2 (inducible Nos (rNos)) and NosS m 

.■Vi" 
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were quantified using reverse transcription polymerase chain reaction, and Nos protein 
levels were determined by Western blotting. Neither A ml gene expression nor protein 
levels were altered by exposure to tobacco smoke. Levels of Nos2 expression were more 
than doubled in animals exposed to smoke on day 1 and had decreased to control values 
I by 28 days, whereas protein levels did not change. NosS expression was increased by 
■ approximately 35% idler 2 days of exposure and remained at this level to 28 days, 
whereas proton Jevels were' increased by approximately 60% at day 7 and remained 
, elevated to 28days. In-situ hybridization showed that Nos2 was diffusely expressed in the 
i lung parenchyma, airways and vessels, and that .Void was strongly expressed in vascular 
endothelium. The authors concluded that tobacco smoke could directly and rapidly affect 
Jas expression, and thus potentially affect the function of the pulmonary vasculature 
(Wright et al, 1999). In another study, the expression of Nos2, NF-kB, the mitogen-acti- 
vated protein kinases Mekl (mitogen-activated extracellular kinase 1) and Erk2 (extra¬ 
cellular signal-regulated kinase 2), phosphotyrosine protein and c-Fos was increased in 
the terminal bronchioles of rats exposed to gas-phase tobacco smoke in association with 
an increase in lipid peroxidation. In contrast, the levels of protein kinase C, Mekkl, Jnk, 

■ p38, c-Jun anic-Myc in the terminal bronchioles were unchanged. The authors concluded 
| fat exposure to tobacco smoke results in oxidative stress (NOx and ROS) that leads to 
; the induction afNos2 (iNos) and c-Fos together with the induction of transduction signai- 
| Sag proteins, frotein tyrosine phosphorylation and Mekl/Erk2 which, in turn, may pro- 
[ mote lung pathogenesis (Chang etal, 2001). 

The effects of tobacco smoke on enzyme activities have also been investigated lo a 
; limited extent in guinea-pigs. In contrast to the results obtained in mice and rats, daily 
,1 exposure of Hartley strain guinea-pigs to either mainstream or sidestream tobacco smoke 
T for 16 weeks did not result in an increase in Ahh activity in the lung (Gairola, 1987). In 
1 another study, however, tobacco smoke-induced emphysema in the lungs of guinea-pigs 
j was associated with an increase in the activity of a proteolitic enzyme-collagenase acti¬ 
vity in the alveolar walls and interstitium (Selman et al, 1996). 

(b) Biomarkers of tobacco smoke carcinogens 
(i) Urinary compounds 

I Urinary compounds are useful markers of the uptake of tobacco smoke constituents 
(Hecht, 2002b> Most, if not all, of the compounds detected in the urine of human smokers 
feve also been found in the urine of animals exposed to mainstream tobacco smoke. Since 
• i 985, howevet. there have been relatively few reports of the identification and quanti- 
.4 ation of urinary compounds in animals exposed to tobacco smoke {Table 4.7). Rats 
I exposed to foui dilutions of cigarette smoke over a period of 4 weeks had a lower output 
s i "fhydroxyproine (relative to creatinine) for all dilutions of smoke and showed a negative 
tee-response relationship (Read & Thornton, 1985). c£y-3'-Hydroxycotinine was 
Elected as a nicotine metabolite in the urine of human smokers as well as in the urine of 
15(5 and hamsters dosed with nicotine. This was the first report of the identification of cis- 
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Species 

Sttair/sex 

Biomarker affected 

'Effect (tissue)' 

- 


Metabolites 

- - ; 

Rat 

(ex Charles 
River)/M 

Hydroxyptolinc 

-(urine) 


S-D/M 

c«-3'-Hydroxycotiniiie 

+ (urine) 


Not specified 

4-(Methylnitrosamino)4- 

(3 -pyridyl)- butyric acid 

+ (urine) 

Hamster 

Syrian/M 

as-3'-hydroxycotimne 

+ (urine) 


Mouse 


DNA edducts 

C57BL/6/M BPDE-DNA 
DBA/2/M 

W j/f Ctf-MeG (reduced by 

tobacco smoke) 

B6C3F|/M Smoke-related 

Fischer 344/ Smoke-related 

N/M&f 
S-D/M 

S-D/M 

BD6/F 

S-D/M 


Smoke-related 

Smoke-related 

Smoke-related 

Smoke-related 


fviinea- 


N« specified Smoke-related 




Read# Then 
(1985) 

Voncken et a 
(1990) 

Pachmger e, 
(1993) 
Voncken et ji. 

(1990) 


Bjelogrlicricf! 

(1989) 

Browner d 
(1999) 

Brown ft in'. 

(1997) 

Bond et al 
(1989) 

+ (nasal mucosa, lung) Gupta et 
ND (liver) ■' y, ‘ ; 0 5 ®) 

(tracheal epithelial - Izzoti it; 
cells) - < 1!)9Sb > 

+ (lung, heart) lzzoti eioi‘1 

. ND (oesophagus, liver) (1998) 

+ (oesophagus with 
ethanol) ,.pe ? 

+ (heart, lung, trachea, Gupta » “I gafc 
- „ (1999) 

Gupta «9-'.: =1 
(1999) 


ND (lung, liver) 
ND (tag, liver) 

-(lung, liver) 

+ (lung, heart) 
+ (lung) 


v+ 




v* ■ . . 

larynx, bladder) 

+ (lung) 


i male; F, female; S-D, Spnpe-Dawley; BPDE, benzoWpytene dial epoxide; tf-MeG, < ^ 

aanine; +, significant increase; decrease; ND, not detected 


hydroxycotinine as a urinary metabolite of nicotine ^ nck “ 

al, 1993). 'M; 
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(ii) DNA adducts in animal tissues 

Mouse 

There have been several reports of the detection of DNA adducts in tissues of mice 
exposed to tobacco smoke (Table 4.7), Synchronous fluorescence spectrophotometry was 
used to investigate the formation of the BPDE-DNA adducts in the lung and liver of gene¬ 
tically responsive C57BL/6 and non-responsive DBA/2 mice exposed to cigarette smoke 
for 3-16 days. Interestingly, BPDE-DNA adducts were not detected in the lung and liver 
of either mouse strain, although Ahh activity, an indicator of benzo(u]pyrene metabolism, 
was clearly induced in the lungs of C57BL/6 mice, Thus, there appeared to be no clear 
correlation between Ahh activity and the formation of BPDE DNA adducts (Bielogrlic 
ad, 1989), 

The effect of tobacco smoke on the formation of promutagenic (Amethyidesoxy- 
guanosine ((AMeG) adducts from the TSNA NNK, in the lungs and liver of A7J mice has 
been investigated. Mice were exposed to smoke generated from Kentucky IR4F reference 
cigarettes at 0,0.4,0.6 or 0.8 mg wet total particulate matter per litre of air for 2 h, and a 
single intraperitoueal injection of NNK (0, 3.75 or 7.5 (tmol/mouse) was administered 
midway through the exposure. Tobacco smoke alone did not yield detectable levels of 
(AMeG but NNK did form this adduct. The number of(>-MeG adducts following intra- 
peritoneal injection of NNK during cigarette smoke exposure was significantly (p < 0.05) 
reduced in both lung and liver. The same effect was seen in mice co-exposcd to NNK and 
cotinine. The authors hypothesized that the reduction of (AMeG in liver and lung results 
from competitive inhibition by cotinine of the cytochrome P450 enzyme system for NNK 
activation (Brown et al., 1999). The effect of exposure to tobacco smoke on the formation 
ofDNA adducts in the lungs and heart of B6C3Fj mice was determined using the n p- 
postlabelling assay, 'Mice were exposed for 1 hper day, '5 days per week for a period of 4 
weeks to mainstream smoke at concentrations,of 0,0.16,0.32 and 0 64 mg total parti¬ 
culate matter per litre of air. There was an exposure-dependent increase in the numbers of 
DNA adducts in lung and heart at all three concentrations; increases found in the mid- and 
high-exposure groups were significant (p < 0.05) (Brown et al, 1997). 

Mainstream-smoke condensate and sidestream-smoke condensate were applied topi¬ 
cally to mouse skin, and DNA adducts were quantified in skin, lung, kidney, liver and 
ladder tissues by 32 P-postlabeI 1 ing. Mainstream-smoke condensate produced higher 
evels ofDNA adducts in mouse heart and bladder than sidestream-smoke condensate 
at the difference was not statistically significant). However, sidestream-smoke conden¬ 
sate produced higher adduct levels in mouse skin, lung and kidney than mainstream 
smoke (Carmichael el a!., 1993). 

Rat 

The efrect of mainstream tobacco smoke on the formation of DNA adducts in various 
hSues of rats has been investigated extensively by use of n P-postlabelling and SFS 
' a|,le 4 ' 7 )- ^ formation of DNA adducts in the nasal cavity, lung and liver of Sprague- 
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Diwloy mis exposed daily to fresh smoke Irom a University ot KLcniucky referencer 
cigarette (2R1) for up to 40 weeks was examined by <; P.ptKtlabelling (Gupta d 1^89). 
The amount of total particulate matter inhaled with the smoke w as 5—5.5 my per aninul 
per day. The average concentration ol COHb in blood was 5.5%. Mainstream smoke 
induced at least four new DNA adducts in the nasal mucosa of rats and the amount of these.. 
adducts increased with length of exposure. In the lung, smoke induced an aceumulatnl'. 
of one DN A adduct, which upon cessation ofexposure for 19 weeks was reduced by abotji 
75%. Smoke-related adducts were not detected in the liver. Selective chromatography at$- 
butanol exit notability .suggested that line DMA addttets in all tissues examined were an/ 
matie and/or lipophilic. In a more recent study. Gupta etal. (1999) reported increases in 
the levels of DNA adducts in various tissues of Sprague-Dawley rats exposed to both 
mainstream and sidestream tobacco smoke, but not in liver. Mean total adduct levels in 
the various tissues ranked from heart > lung > trachea > larynx > bladder Izzotti etal 
I |995b) employed ! ’P-postlabellitig analysis to evaluate the effect ot A-aceiyl-i-cystsinj 
(NAC) on the formation ol carcinogen-DNA adducts in tracheal epithelial cells of 
Spraeue-Dawley rats exposed (whole-body) to mainstream tobacco smoke tor either 40 or 
100 consecutive days. DMA adducts were observed after 4(1 days ot exposure and no 
further increase was noted after 100 days. NAC, given by savage in the 40-uay study and 
tit the drinkinc-watcr in the 100-day study, reduced the formation of smoke--related earn- 
nosen- DN A adducts in the tracheal epithelium to the levels seen in sham-cxposoieontrol 
rats. These results indicate the considerable efficacy ot oral NAC. a diet; w preventive 
iutent. in inhibiting the fnrmition of smoke-related carcinogen DNA adducts (Izzotti 
etui. I99>b). 

-P-Postlabelling was also used to investigate the effects of exposure mode, sex and 
time (adduct persistence) on the level of DNA adducts in tissues of Fischer 344 rats (Bond 
ft nl. 1989}. Rats were exposed to tobacco smoke tor 6 h per day. 5 days per week for U. 
ibvs bv intermittent nose-only, continuous nose-only or continuous whole-body exposure. 
The animals were killed at either 18 h or 3 weeks after the 32-day exposure period and 
DNA adducts in lung tissues were quantified. Significant < 0.05.1 increases in the levels 
of DNA adducts were observed in both male and female rats exposed to tobacco smoke. 
No significant effects ofexposure mode or sex on the induction ot lung DNA adducts 
were observed. Significanlly fewer clearly resolved DNA adducts were found in the tangs 
of rats killed 3 weeks alter exposure, suggesting that smoke-induced adducts were 
repaired bv DNA repair mechanisms. A single unidentified adduct accounted for tatout 
20% of the total resolved lung DNA adducts and occurred at levels nine- to 14-t'old higher 
than those in control animals (Bond of at.. 1989}. It is not certain whether this adduct is 
the same one as that described in the lung of Sprague-Dawley vats by Gupta el a/. (1989) 
or in the skin of mice by Randerath et al. (1986(. Izzotti el al. (1998) used P 
labelling to investigate the effects of tobacco smoke and alcohol consumption on DN 
adduct levels in the oesophagus, lung, liver and heart of BD6 rats. G roups of female rats 
were exposed to ethanol (5% in drinking-water for 8 consecutive months) and/or whote- 
body to mainstream tobacco smoke (I h per day, 5 days per week for 8 months). As 
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expected, ingestion ot alcohol alone did not affect the levels of DNA,adducts in any of the 
four organs studied. Exposure to tobacco smoke induced formation of DNA adducts in the 
lung and heart, but not in the oesophagus or liver. Combined exposure to alcohol and 
smoke. however, resulted in the significant formation of smoke-related DNA adducts in 
the oesophagus and in a further increase in the number of adducts in the heart. Therefore, 
a likeiv interpretation is that ethanol may solubilize water-insoluble smoke components 
in the upper aerodigestive track thereby determining a first-pass effect in the oesophagus 
(Izzotti et al.. 1998). Another important mechanism may be the induction by ethanol of 
CVPfEl-dependent microsomal monooxyeenascs that catalyse the metabolism of a 
variety of xenobiotics (Tsutsumi et a!., 1993; Gonzalez & Gelboin. 1994). 

The formation of smoke-related DNA adducts and their chemoprevention were inves¬ 
tigated in tissues of Sprague-Dawley rats by SFS which, as mentioned above, can detect 
BPDE-DNA adducts (Izzotti el al, 1992). Animals were exposed (whole-body) to main¬ 
stream cigarette smoke once daily for up to 40 consecutive days. No adduct was detected 
in liver DNA. whereas smoke-related DNA adducts were detectable in the lung from the 
day S of exposure and continued to increase until the study ended at day 40. The levels of 
adducts in heart DNA were even higher than those found in the lung. The daily adminis¬ 
tration of NAC by gavage significantly inhibited the occurrence of the same adducts in 
both heart and lung DNA, as measured by J -P-postlabelling of DNA adducts in tracheal 
epithelial cells (Izzotti etal. 1995b). 

It is currently not dear why rats exposed to cigarette smoke form lung DNA adducts 
when prev ions studies have not demonstrated smoke-induced pulmonary carcinogenesis 
in rats. However, it is possible that the previous studies failed to demonstrate smoke- 
induced cancer because: 

— a smaller dose of particulate matter was delivered per gram of lung tissue than in 
human heavy smokers; 

— less than lifetime exposures were used; and 

— the experimental groups used were too small in number (Bond eld. 1989). 

Interspecies comparison 

'-P-Postlabclhng has also been used to detect and quantify DNA adducts in the lung 
of guinea-pigs and mice exposed to mainstream and sidestream tobacco smoke. DNA 
adducts were identified in lung, but less DNA-adduct formation was seen in guinea-pigs 
than in either mice or rats at the same level of exposure to tobacco smoke (Gupta et al., 

!9<Nt. 

(iii) DSA damage in cultured human htng cell s 

In cultured human lung cells, bubbling cigarette smoke through phosphate-buffered 
saline was found to induce DNA single-strand breaks and formation of 8-OHdG in DNA. 
Evidence was presented that this was mediated, in pan, by the formation of reactive 
oxygen species (Leanderson, 1993). tt was shown that cigarette tat promotes neutrophil 

i 
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induced DMA (Inmate in cultured human lung cells and shat this activity is further 
enhanced by iron and inhibited by catalase [Leanderson & Tagesson. 1904). 

Treatment of human fetal lung ceils with the TSNAs NNN and NNK caused single- 
strand breaks in DNA. Inhibition of this effect by oxygen radical scavengers suggested 
that die hydroxyl radical was an Important intermediate in the process (Weitberg 4 
Corvese, 19031. 

DNA damage, as measured by the alkaline single-cell gel microelectrophoresis 
(Comet) assay, has also been shown to be induced in human embryo lung cells treated 
with water-soluble compounds from cigarette smuke (Wang, Q. et a!.. 2000). 

Treatment of tracheobronchial epithelial cells with gas-phase cigarette smoke cauad 
DNA strand breakage that was accompanied by increases in the levels of a number of 
DNA lesions, including 8 -OHdG xanthine and hypoxanthine. These latter lesions can 
ariselfom the deamination ot guanine and adenine by a mechanism involving reactive 
nitrogen species. Thus. DN A damage induced by cigarette smoking may be mediated by 
both reactive oxygen species and reactive nitrogen species (Spencer er ul. 199c). 

(c) Other duel 

11 ) Effects 1 m particle clearance 

Ciairette smoking induces a variety of carcinogenic and non-carcinogenic effects in 
humans and laboratory animals. An issue of concern is the extent to which smoking might 
inlluence pulmonary responses to other inhaled toxic materials. 1 lus influence can take 
the form of a direct alteration of the deposition or clearance ol another inhaled agent. For 
example, it lias been reported that cigarette smoking delays the pulmonary clearance of 
inhaled, insoluble particles in humans (Bolining et al. 1982) and in laboratory animals 

(Mauderly eld. 1989). , ' 

Finch et d (1995) investigated the influence of cigarette smoke exposure ofriscta 
344 rats on the pulmonary clearance of inhaled, relatively insoluble radioactive tracer 
panicles, following 13 weeks of whole-body exposure to air or mainstream tohacco smoke 
for 6 h per day. 5 davs per week at concentrations of 0. 100 or 250 mg/m- total part*# 
matter, rats were acutely exposed pernasally to «Sr-labelled fused aluminosilicate ( B- 
FAP) tracer particles: exposure to air or smoke was then resumed. A decreased cleanup 
oPSr-r.AP from the lungs, which was smoke concentration-dependent, was observed. W 
1 80 davs after exposure to the tracer aerosol, about 14. 20 and 40% ol the initial actiy® 
of the tracer was detected in the control. 100-mg/m ! and 250-mg/nv groups, respective y. 
Exposure to mainstream smoke produced lung lesions that contained increased numbers 0 
pigmented alveolar macrophages throughout the parenchyma, and tocul coflemonsw 
enlarged alveolar macrophages with concomitant alveolar hyperplasia. The seventy 
lesions increased with duration of exposure. These data confirm previous fin WES . . 
exposure to cigarette smoke decreases the ability of the lung to clear inhaled matena1 ^, 
a subsequent publication. Finch el al. (1998) reported that chronic exposure to eg** 
smoke containing 100 or 250 mg/m 3 total particulate matter increased the pulmonary 


TOBACCO SMOKE 


103 ! 


retention and radiation dose of -'''plutonium inhaled as :w PuOi in two groups of Fischer 
344 rats. Assuming a linear dose-response relationship between radiation dose and the 
incidence of lung neoplasms, the exposure to :w PuO, was predicted to increase the inci¬ 
dence of lung tumours relative to that in controls by 20% or 80%, depending upon the con¬ 
centration of total particulate matter in smoke. 

(ii) Carboxyhaemoglobin 

There have been several reports on the relationship between levels of exposure to 
carbon monoxide from tobacco smoke and levels of COHb adducts in the blood of 
animals. For example, Attolini et al. (1996) exposed male NMR1 mice to tobacco smoke 
tor 2, 4, 8 or 31 days. The levels of COHb in blood increased significantly after 4 or S 
days of exposure and decreased after 31 days to a level which remained higher than the 
level ot the controls. Two hypotheses were proposed to explain the decrease in COHb 
levels at 31 days. 

(1 f The mice may develop a state of tolerance against compounds in tobacco smoke: 
le increase in respiratory rhythm leads to hyperventilation and to a concomitant decrease 

in the quantity of CO fixed to haemoglobin, 

(2) Chronic exposure to tobacco smoke increases the thickness of the airway epi¬ 
thelium and alveolar septae, as well as mucus hypersecretion and ciliostasis, which 
increases the barrier to smoke constituents, reducing their accessibility to the blood circu¬ 
lation and therefore decreasing the level of CO fixed to haemoglobin. ’ 

Loennechen et at. (1999) exposed Spraguc-Dawley rats to CO at 11)0 ppm for i week 
»rto 100 ppm CO for I week followed by 200 ppm for! week. The formation of COHb 
™ fuund 10 be dependent upon the amount of CO exposure; COHb was approximate 
13% in the group exposed to the low level of CO and 23% in the group exposed to the 
higher level. Exposure to a high level of CO increased the expression of cndothelin-1 
aiRNA by more than 50% in both the left and right ventricles of the heart. The authors 
concluded that chronic exposure to CO leading to COHb levels similar to those observ ed 

11 snl0kers mcrea5es endothelin-1 gene expression and induces myocardial hypertrophy 
m the rat. r K ' 

52 Toxic effects 

| 52.1 Humans 

(a) Nicotine addiction 

» 

I „ C, 8 anme smoking is the single largest avoidable cause of premature death and disa- 
\ ■■ lV,an F sn,ukfrs express a desire to stop smoking, and many have made one or more 

j unsuccessful attempts to quit, supporting the evidence that tobacco smoking is addictive, 
•search has been focused on nicotine because it is the most addictive constituent of 
| Jcco products (see also Section 4,!.i(c)(vi)). Therefore, cigatelie smoking should be 
I Werstood as a manifestation of nicotine addiction. This topic has been extensively 


i 
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reviewed (Benovvitz, 1988; l ; S Department of Health and Human Services, 198j- 
Moxham. 2000). 

Nicotine is an addictive druy and smoking of tobacco rapidly delivers a-dose of nico¬ 
tine to receptors in the brain. The effects on the central nervous system are more important 
than those on the peripheral nervous system (Le Houezec & Benovvitz. 1991). WitJ 
repealed experience, consolidation into physiological and psychological addiction is 
reinforced by pronounced withdrawal symptoms. 

To achieve a psychoactive impact, nicotine must be delivered rapidly to the brain 
which is best achieved bv inhalation of tobacco smoke. The speed ol nicotine delivery is 
.adirndamental difference between cigarettes and products nimed at nicotine replacement 
The nicotine-replacement products deliver nicotine at lower, subaddieme rates and are 
only effective in reducing cravings and withdrawal symptoms from tobacco-delivered 
nicotine dependence. 

It is far from dear that the benefits attributed to nicotine use. such as stress relief, 
improved mood and enhanced cognitive performance, arc real. Many of the perceived 
benefits are actually attributable to the relief of nicotine withdrawal symptoms (Le 
lloue7ee& Benovvitz. I 1 ) 1 )!). - 

The addictive properties of nicotine imply shat analytical measurements ot tar and 
nicotine viekls from cigarettes do not reflect the true exposure to tar and nicotine 
experienced by smokers. Smokers adjust the way they smoke in order to self-administer 
a satisfactory dose of nicotine (Benovvitz. 1993). 

lb) Health effects other than twicer 

Besides its carcinogenic effects, tobacco smoke has a number of other pathogenic 
properties. Causal associations have been established between active smoking and i 
number of specific diseases, 

(i) Effects tin the cardiovascular system 

Cigarette smoking is a major independent risk factor for coronary heart disease and 
the most important risk factor for atherosclerotic peripheral vascular disease. There is a 
dose •response relationship between cigarette smoking and cardiovascular disease: the 
risk increases with the number of cigarettes smoked daily , the total number of years for 
which a person has smoked, the degree of inhalation and earlier age of initiation of the 
smoking habit, Cigarette smoking has been found to elevate significant!), the risk for 
sudden death (US Department of Health and Human Services. 198.?. 19X9), Cigarette 
smoking accounts for about half of deaths from coronary disease in women during middle 
age. It has been shown that premenopausal women have lower rates of heart disease than 
postmenopausal women. This protection is presumed to be provided by the presence Ol 
circulating estrogens, but it is unknown whether estrogens have the same protective effetj 
in women who smoke (Villablanca et al ., 2000). A synergistic effect between smoking 
the use of oral contraceptives has also been reported (US Department ot Health aw 
Human Services 1983). In female smokers who take oral contraceptives, particularly. 
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| those over the age of 35 years, there is a well-established increase in risk of myocardial 
1 infarction and cerebrovascular disease (Villablanca etal, 2000) 

J Cigarettes that nominally deliver less tar or nicotine have not consistent!' been shown 
I to reduce the risk of cardiovascular disease (reviewed by Bums et al. 2001). 

| (li) Effects on the cerebrovascular system 

C igareite smoking is a major cause of cerebrovascular disease (ischaemic stroke). It 
* is esti mated that as many as 25% of al I strokes can be attributed to smoking. The relative 
j risk of stroke is similar in male and female smokers and is maximal near middle age 
I < Hanke y- 1 w >- A,t| wugh nicotine has strong and potentially harmful effects on cerebral 
i and peripheral vascular tissues, it is not certain w hether and how these effects are related 
\ to stroke (Hawkins et al., 2002). 

4 

a (iii) Effects on the respiratory system 

i Cigarette smoking is the most important cause ot cough, sputum production, chronic 
■j bronchitis and asthma (Hargreave & Leigh, 1999; Maestrelli et al., 200!; link & Lange, 

i 2001). It increases the risk for dying from chronic bronchitis and pulmonary emphysema 

(US Department of Health and Human Services. 1984; Aubry et al.. 2ta».; Seagrave 
2000: Fraig et al. 2002). 

(iv) Gastrointestinal effects 

j Smoking increases the risk for peptic ulcer and mortality from this disease i Via et a/., 

4 11 delays peptic ulcer healing and increases the risk of recurrence after healin« 

-j (Ashley. 1997). Nicotine has been shown to potentiate aggressive gastric factors and to 
3j attenuate defensive ones: it also increases acid and pepsin secretions, gastric motility, 

| duodenogastric reflux ol'bile salts, the risk of Helicobacter pylori infection, levels of free 
1 and platelet-activating factor, endothelium generation and vasopressin secretion 

J ,£ndo11 & Leun §' 1994 )- Although the mechanisms by which smokina cr nicotine 
1 adversely affect the gastric mucosa have not been fully elucidated, the available evidence 
| Su PP urts 'be hypothesis that nicotine is harmful to the gastric mucosa (Ended & Leuns, 

■ 1594). Smoking is also a risk factor for Crohn disease in both men and women, hut the 

excess risk is higher among female smokers. There is growing evidence try: smoking is 
v ,nversel > reia!eti if Ulcerative colitis tWestman et al. 1995: Rubin & Hants*:. 2000) and 
. some evidence that it is a risk factor for gallstones (Ashlev. 1997 ). 

j (v) Neurological disorders 

1 Tto relationship between smoking and some neurological diseases has been contra- 
j ' Ersial. A number of epidemiological studies have found a significant, negative asso- 
J cation between cigarette smoking and Parkinson or Alzheimer idisease, ihe’risk among 
| nonsmokers being approximately twice that of smokers (Fratiglioni & Wang, 21)00)* 
f Howm ' r - whereas a community-based longitudinal study of elderly peopie'found a 
| Hgher risk of Alzheimer disease in smokers than in nonsmokers (Merchant a A, 1999), 
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an analysis based on a comparison of persons with Alzheimer dementia with their 
unaffected siblings suggests that smoking does not decrease the risk for the disease 
(Debanne et ill., 2000). Both retrospective and prospective epidemiological studies have 
demonstrated an inverse association between cigarette smoking and Parkinson disease, 
leading to theories that smoking and nicotine may be neuroprotective. Coffee and caffeine 
consumption have been reported to have a similar effect (Ross & Pctrovitch, 200T 
Heman era/., 2002). 

(vi) Other inverse associations of smoking with health effects 

Some studies suggest that there may be inverse associations of smoking with uterine 
tibroids and endometriosis, and protective effects against hypertensive disorders and 
vomiting during pregnancy are likely. Inverse associations of smoking with venous 
thrombosis after myocardial infarction are probably not causal, but indications of positive 
"effects with regard to recurrent aphthous ulcers and control of body weight may reflect a 
genuine benefit. A variety of mechanisms for the potentially beneficial effects of smoking 
have been proposed; of these three predominate: 

— the anti-estrogenic effect of smoking; 

— alterations in prostaglandin production; and 

— stimulation of nicotinic cholinergic receptors in the central nervous system. 

It should be noted that even established inverse associations cannot be used as a ratio¬ 
nale to encourage cigarette smoking because overall effects on health and mortality are 
dearly negative (Baron. 1006), i 


* 0 " 


(it) Mcotine addiction/dependence ^ | 

(i) Studies with animal models V" f 

Various animal models have been described that mimic nicotine dependence andw$E - 
drawal syndromes. In one such model, dependence is induced in rats by continuous 
subcutaneous infusion of nicotine (3 or 9 mg/kg bw per day as nicotine hydrogen tartrate) 
over 7 days by the use of implanted osmotic minipumps. The nicotine is absorbed quictljf - 
and almost completely. Abstinence is initiated through termination of infusion or by injec¬ 
tion of nicotine antagonists. The resulting abstinence syndrome involves a pattern ofbeha- 
viour somewhat resembling opiate abstinence, with weight gain and reduced locomotat. 
activity; The model has been replicated in a number of laboratories. It is sensitive to 
various abstinence-alleviating therapeutic approaches, such as nicotine replacement and 
the administration of nitric oxide synthase inhibitors and seratoneigic compounds. A 
strong reduction of abstinence symptoms was seen with bupropion and acetyl-L-camituK, 
both of which are used clinically as part of smoking cessation regimens (Maim, 2001)- 
Nicotine has alsn been given orally to experimental animals cither in liquid diets or io 
drinking fluids, or by forced oral administration (rats show an aversion to the taste of nico¬ 
tine). When nicotine is given orally, it is absorbed slowly by the gastrointestinal tract and 


the concentrations in blood remain considerably lower than those observed after subcuta¬ 
neous infusion (t.e flouezec eta!,. 1989). 

In another experimental model, mice were given drinking-water containing gradually 
increasing concentrations! 50-500 jig/mL) of nicotine for 7 weeks. After replacement of 
die nicotine solutions with tap-water, a significantly higher fluid intake was seen in ihe 
nicotine-treated mice than in control animals, but this effect disappeared within ! week, 
plasma nicotine concemratiuns in the treated mice were found to be similar to those 
reported in heavy smokers. The results of a pharmacological study with this mouse model 
suggested that the effects of nicotine in striatal dopamine metabolism are critical for its 
stimulating and reinforcing effects (Pierila & Ahtee, 2000). 

(ii) Studies with genetically modified mice 
Numerous studies have shown that nicotine is likely to be responsible for the addic- 
live properties of tobacco. In addition, nicotine has effects on locomotion, cognition, 
stfect and sensitivity to pain. In recent studies with transgenic mice, molecular biology 
has been combined with pharmacology, electrophysiology and behavioural analysis to 
elucidate the specific role of nicotine in these phenomena. The physiological effects of 
nicotine are mediated by binding to and activation of nicotine acetylcholine receptors, 
these receptors are pentamers made up ot subunits with distinct expression patterns in 
different neurons. More than 10 different neuronal receptor subunits have been identified, 
and for seven of these subunits, knock-out mice lacking one receptor subunit have been 
constructed. These mice are being used in studies to identify the receptor subtvpes 
responsible for Ihe different effects of nicotine. As an example, nicotine .sett-adminis¬ 
tration is abolished in mice lacking the (32 subunit of the receptor, which implies that this 
subunit is a component of ihe receptor that mediates nicotine reinforcement (Mambio & 
Changeux, 2000; Picciono e/a/.. 2000). 

( b ) Other effects in experimental animals 

(i) Effects on the cardiovascular system 
To determine whether chronic exposure to tobacco smoke for less than 2 months 
iltera cardiovascular regulation, male Sprague-Daxvley rats were exposed to tobacco 
smoke from low-nicotine cigarettes (1 mg'cigarette) for 4-6 weeks, and a second group 
served as sham controls receiving only puffs of room air. Reflex adjustments in mean 
arterial blood pressure after bilateral common carotid occlusion w ere compared between 
the two groups. In the anaesthetized control state, there was no significant difference 
between the cardiovascular parameters measured in the two groups. However, ihe 
increase in mean arterial blood pressure after carotid occlusion was significantly greater 
® the smoke-treated than in the control animals (p < 0.05). In addition, the time required 
® rwc h maximum arterial blood pressure after carotid occlusion was significantly less (p 
<0 05) for the smoke-treated animals 1 8.5 ± 0.2 s) than in the controls (11.2 ±0,3 s). The 
R/ulls show that chronic exposure to tobacco smoke in experimental animals for periods 
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as short as 4-6 weeks alters the reflex regulation of the cardiovascular system (Bennett & 
Richardson, 1990), 

To determine whether exposure to sidestream cigarette smoke promotes aiherogenesis 
in a mouse mode! of human atherosclerosis, female ApoE-deficieni mice, ted a western 
diet, were exposed to sidestream smoke in a whole-body exposure chamber for a total of 
6 h/(.lav. 5 days per u eek. for 7.10 and 14 weeks. Animals exposed to tillered ambient air 
served as controls. Elevated concentrations ot'blood COHb and pulmonary C'YPIA.1 were 
indicative of effective exposure. There were no consistent changes in serum concen¬ 
trations of cholesterol between control and exposed mice. Morphometric assessment of 
grossly discernible lesions covering the intimal area of the aorta showed remarkable 
increases in exposed mice, at all three durations of exposure studied, Increases in the area 
of the lesion were accompanied by higher levels of csterified and unesteri Tied cholesterol 
in the aortic tissues of exposed mice. The results clearly demonstrate promotion of the 
development of atherosclerotic lesions by tobacco smoke in an atherosclerosis-susceptible 
mouse model (Gairola et a!.. 2001). 

(ii) Effects on the cerebrovascular system 

Initial investistations with a rut model of nicotine exposure in adolescents have 
demonstrated that the vulnerable developmental period tor ntcotine-inuuced brain cell 
damage extends into adolescence. The effect of nicotine on cholinergic systems in ado¬ 
lescent male and female rats was investigated with a nicotine-infusion protocol designed 
to produce nicotine plasma concentrations similar to those measured in human smoker.or 
in users of transdermal nicotine patches. Choline acetyllransferase activity (ChAT), i 
static marker that closely reflects the density' of cholinergic innervation, and binding of 
pH]hemicholinium-j (HC-3), which labels the presynaptic high-affinity choline trans¬ 
porter, were monitored in the midbrain (the region most closely involved in reward and 
addiction pathways), as well as in the cerebral cortex and hippocampus. During nicotine 
treatment and for I month after termination of treatment, C’hAT activity was signiftcan y 
reduced and HC-3 binding was significantly increased in the midbrain, but not mtheotho 
regions. The levels returned to normal immediately after cessation of nicotine exposure 
and subsequently showed a transient suppression of activity. Although the cerebral codex 
showed little or no change in HC-3 binding during or after nicotine administration- 
activity was persistently reduced in the hippocampus. The regionally selective effect* 0 
nicotine treatment of adolescent ruts on cholinergic systems support the concept 
[cscence is a vulnerable developmental period for determining ultimate effecs on 
viour (Trauth et ul.. 2000). 

iiii) Effects on the respiratory system 

To study the role of transforming growth factor-))I (TGF-pl) in the pathogenesj^ 
chronic bronchitis and emphysema, an animal model was used in which 
exposed by chronic inhalation of cigarette smoke. The expression ofTGF-pl mR , 
protein in the pulmonary tissue vvas measured. In a parallel experiment, bronc 


i 

thulium was stimulated with cigarette smoke extract in vitro and the expression of TGF- 

\ pi was determined. After 3 months of exposure, the animals developed chronic bronchitis 
I and emphysema. The increase in TGF-|3l immunoreactivity in the pulmonary tissue and 
| in the cultured bronchial epithelial cells was significantly higher than in ihe controls 
| |p = 0.001). The expression ofTGF-pl mRNAwas also increased in the pulmonary tissue 
■ ol exposed animals. The results indicate that exposure to cigarette smoke can induce over- 
; expression of TGF-|)I in bronchial epithelia; this may be one of the mechanisms for 
f smoking-induced chronic bronchitis and emphysema i Li et a!., 2002). 

} To assess induction of emphysema in the rodent lung. B6C3F t mice and Fischer 344 
; rats were exposed, whole-body, (o cigarette smoke at a concentration of 2:0 mg/m 3 total 
j particulate matter for 6 h per day, 5 days per week, for either 7 or 13 months. Morpho- 
i metry included measurements of parenchymal air-space enlargement and tissue loss. In 
} addition, centriacmar intra-alveolar inflammatory cells were counted to assess species 
; differences in the type of inflammatory response associated with the exposure. In mice, 

; significant differences in many of the morphometric parameters indicating emphysema 
i " ere no, ed between smoke-exposed and control animals. In rats exposed to cigarette 
' smoke, only some of the parameters differed significantly from control values. Morpho¬ 
logical evidence of tissue destruction in the mice included alveoli that were irregular in 
size and shape and alveoli with multiple foci of septal discontinuities and isolated septal 

• fragments. There were more morphometric anomalies in the mice at 13 months than at 7 
.1 months, suggesting a progression of the disease. Inflammatory lesions in ihe lungs of 
j mice contained significantly more neutrophils than these lesions in rats These results 
-j suggest that B6C3F, mice are more susceptible than Fischer 344 rats to the induction of 
1 jm physema by this exposure regimen and that the emphysema may be progressive in 
j mice. Furthermore, the type of inflammatory response may be a determining factor for 
t sp^uies differences in susceptibility to the induction of emphysema by exposure to 
j cigarette smoke (March etui. 1999). 

f The hypothesis was tested that variations in al-antitrypsin expression modulate the 
1 pattern ot emphysema and functional consequences in mice exposed to ciuarecte smoke. 

1 The effects of cigarette smoke were investigated in C5*BL/6J (C57) mice and in low-til- 
®trypsin. C57BL/6J payer (pallid) mice. After 4 months of exposure, a significant 
increase in the extent of emphysema was seen in pallid mice, but not in C:' mice. After 
. ■ TtOnths, mechanical properties of lung, the extent and type of emphvsema, and the 
; eelluliir inflammatory response were measured. CT mice and pallid mice had similar 
j Agrees of emphysema, whereas pallid mice, but not C57 mice, had dev eloped a T-cell 
I inflammation in the alveolar wall (p < U.0I). Although lung compliance was not chanced 
;| 111 C57 mice alter exposure to smoke, it increased significantly in pallid mice over the 6 
t ' nont ^ of exposure (p < 0.0082). In summary, exposure to cigarette smoke induced 
i “Mtysema in C57 and pallid mice, but the emphysema, inflammatory infiltrate and the 
| fifing physiological abnormalities were substantially different in the two strains, with 
J C57 and pallid mice exhibiting features similar rn centrilobular and panlobular 

• %hysema, respectively (Takubo el a!., 2002). 

i 

i 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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To determine whether smoking affects the clearance of asbestos fibres, guinea-pigs 
were tiiven tunosits asbestos by intratracheal instillotion. They were divided into groups 
that received to) no further treatment, (b) were exposed to tobacco smoke alter asbestos 
instillation, or (cl were exposed to smoke both before and after asbestos instillation. The 
numbers and sizes of the asbestos fibres were measured in respiratory tract tissue and in 
lavaiie samples at I week and I month after exposure. During this time, the asbestos 
burden in the first group decreased sixfold on average, whereas no significant decrease 
was seen in either of the smoke-exposed groups. The mean length of retained fibres 
increased in she first group (asbestos only), but decreased in both the smoke-exposed 
groups. This phenomenon was seen in tissue samples and lavage samples, although the 
fibres in the lavage tluid were consistently shorter than those in tissue. The authors con¬ 
cluded that, in this model, cigarette smoking impeded asbestos clearance, largely by 
increasing retention ot snort fibres. This increased pulmonary fibre burden may be impor¬ 
tant in the increased rate of parenchymal fibrosis and carcinoma of the lung seen in 
asbestos workers who smoke (McFadden et a!., 1986!. 

(iv I Seitmlngtivl disorders 

In view of the suggested inverse relationship in humans between cigarette smoking 
and the risk for Parkinson and Alzheimer disease, which are both characterized by 
enhanced oxidative stress, the antioxidant potential of nicotine was investigated in rats. 
Initial chromatographic studies suggested that nicotine can affect the iomiation of the 
neurotoxin 6-hydroxydopamine resulting from the addition of dopamine to Fenton’s 
reaucut (i.e. Fe : ' and hydrogen peroxide). Under certain circumstances, nicotine can 
strongly affect the course of the Fenton reaction. In in-vivo studies, adult male rats treated 
with nicotine showed greater memory retention than controls in a water-maze task 
However, neurochemical analysis of neocortex, hippocampus and neostriatum from these 
animals revealed that nicotine had no effect on the formation of reactive oxygen species 
or on lipid peroxidation in any brain region studied. In an in-vitro study with ratneo- 
cortical homogenates, there were no differences in lipid peroxidation between nicotine- 
treated rats and controls. The results of these studies suggest that the beneiicial/protective 
effects of nicotine in both Parkinson disease and Alzheimer disease max result, al least 
partly, from antioxidant mechanisms t Linen m ul.. i999). 

The effects of nicotine on the central nervous system are mediated by the activation 
of neuronal heteromeric acetylcholine-gated ton enannel receptors (also termed nicoiin 
acetylcholine receptors). The neuroprotective effects of nicotine were studied in 
animal models of parkinsonism; diethyldithiocarbamate-induccd enhancement ol 
melhyl-4-phenyl-1.2.3.6-tetrahydropyridine toxicity in mice and meihamphetamwe- 
induced neurotoxicity in rats and mice. The neuroprotective effect of nicotine was W 
similar to that ofthe non-competitive A-methyl-D-aspartate receptor antagonist, MK-W■ 
In parallel experiments, nicotine was shown to induce the basic fibroblast growth ac 
2 (FGF-2) and the brain-derived neurotrophic factor in rat striatum, The effect on 
induction of FCF-2 was prevented by the nicotinic acetylcholine receptor antagooi* 
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niecatnylamine, whereas MK-80! induced FGF-2 in the striatum. As trophic factors have 
been reported to be neuroprotective for dopaminergic cells, these data suggest that the 
increase in neurotrophic factors is a possible mechanism by which nicotine provides pro¬ 
tection from experimental parkinsonism (Maggio et al.. 1998). 

(v) Effects on the immune system 

Five groups of 2-month-old male Syrian golden hamsters were exposed to cigarette 
smoke for three I O-min periods per day, on 5 days per week, lor the duration of their lives. 
.Three of the groups were also chronically exposed to aerosols of chrysotile asbestos, 
cobalt oxide or nickel oxides. The fourth group was exposed to smoke and shamittsfand 
was compared with the control group exposed to sham smoke and sham dust. The fifth 
group received 12 weekly injections of 0.25 mg of A- ni tros u die thy famine. Each cigarette 
smoke-exposed group was compared with the group exposed to sham smoke and the 
respective aerosol treatment. The cigarette smoke-exposed groups lived significantly 
(p < 0 01) longer than the sham-exposed groups and the untreated controls. Thei r mean 
body weights were significantly Ip < 0.01) lower than those of the sham-exposed groups. 
The delayed onset of amyloidosis and the lower body weight in the smoke-exposed 
hamsters may have heen responsible for their increased lifespans. The results suggest that 
cigarette smoke affects the immune system ofthe animals, resulting in retardation of amy¬ 
loidosis, a frequent cause of death in hamsters (VVehner etai. 1976). 

In rats, chronic inhalation of cigarette smoke preferentially inhibited the plaque- 
lorming ceil response ot lung-associated lymph nodes (LALN) to sheep erythrocytes 
rather than anatomically distant lymph nodes. Inhibition of the antibody response in 
LALN of smoke-exposed animals was first detected after 21 weeks of smoke inhalation 
and was well established by the 27th week of exposure to smoke. After prolonged expo¬ 
sure (> 34 weeks) to cigarette smoke, similar changes in the plaque-forming cell response 
were also observed in other lymphoid tissues. Cigarette smoke affected the response of 
LALN cells to sheep erythrocytes, a T cell-dependent antigen, but did not alter the relative 
percentages of W3/l3-positive (T cells) or Ig-positive (B cells) cells, or those of T-cell 
subsets as scored by their surface phenotypes, i.e. T helper (W3/25 4 ) or T suppressor/cyto- 
toxic (OX-8") cells. The percentage of phagocytic cells and the accessory cell functions 
of macrophages remained comparable between sham-exposed and smoke-exposed ani- 
Mls. Exposure to cigarette smoke did not significantly alter the response of LALN cells 
to T-cell mitogens (concanavalin A and phytohaemagglutinin). However, response to 
tnnitrophenyl Brucella abortus, a T-ce11-independent antigen, was also significantly 
reduced. The results show that exposure to cigarette smoke results in a decreased antibody 
response in the rat, primarily affecting the B-eell function (Sopori el al. , 1989). 

Chronic exposure of mice and rats to cigarette smoke affects T-cell responsiveness 
which may account for the decreased T-cell proliferative and T-dependent antibody- 
responses in humans and animals exposed to cigarette smoke. However, the mechanism 
i>v which cigarette smoke affects the T-celi function is not clearly understood. Chronic 
exposure of rats to nicotine has been shown to inhibit the antibody-forming cell response. 
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to impair the antigen-mediated signalling in T cells and id induce T-ceil anergy. To study 
cigarette smoke-induced immunosuppression and to compare it with the effects ol‘ chronic 
nicotine exposure, rats were exposed tu diluted, mainstream cigarette smoke for up to JO 
months or to nicotine 11 mg/kg bw per day) by osmotic minipumps for 4 weeks, and were 
evaluated for immunological function in vivo and in vitro. The T cells from rats subjected 
to long-term exposure to cigarette smoke showed decreased antigen-mediated prolife¬ 
ration and constitutive activation of protein tyrosine kinase and phospholipase C-yl acti¬ 
vities, Moreover, spleen cells from smoke-exposed and nicotine-treated animals had 
depleted inositol-1,4.5-trisphosphate-sensitive Ca-‘ stores and a decreased ability to raise 
intracellular Ca :t concentrations in response to T-cell antigen receptor ligation. The 
results suggest that chronic smoking causes T-ccil anergy by impairing the antigen recep¬ 
tor-mediated signal transduction pathways and depleting the inositol-1.4.5-irispltosptae- 
sensttive Ca-' stores. Moreover, nicotine may be responsible for or contribute to the 
immunosuppressive properties of cigarette smoke (Kata et al, 20001. 

(vi) Toxic effects of kwteh 

Kreteks are a type of small cigarette containing approximately 60% tobacco and 40% 
.around clove buds (Stratton cl ci. 21)1)1). The typical chemical composition of main¬ 
stream smoke per kretek is total particulate matter. 52.2 mu; nicotine. 2.4 mg; and CO. 
22. i ms. In the several inhalation studies that have looked specifically at exposure of rats 
and hamsters to kreteks smoke, few signs of toxicity (focal alveolitis, bronchiolar epi¬ 
thelial hyperplasia, alveolar haemorrhage) were observed after 1 or 14 days' exposure 
(LaVoie pi al., 1986; Clark. 1989,1990), but the routes and methods ofexposureuseddc 
not replicate human exposure (Guidotti, 1989). 

4.2 Reproductive and hormonal effects 

4.2.1 Unmans 

(a) Reproductive effects 

Cigarette smoking has clearly been associated with a wide range of adverse effects on 
reproduction, seme of which may have implications for cancer risk. 

li) Effects cm fmule fertility 

Women who smoke cigarettes have an increased risk for both primary and secondary 
infertility, with an odds ratio of 1.6 [95% Cl. I.3-I.9) (Aiigood et al.. 1998 (meta-analysis 
of 12 studies); US Department of Health and Human Services, 2001). The resulting 
decrease in parity could have implications for risk for cancers of the breast, endometrium 
and ovary. There is also evidence that women who smoke cigarettes are more likely to he 
subfertile, and to take longer to get pregnant than women who do not smoke (Baird, 1991 
Hughes & Brennan, 1996, Jensen end, 1998. Hull et al., 2000; US Department of Health 
and Human Services. 2001). 


j |ii) Effects on pregnancy 

The use of tobacco products by pregnant women is associated with placenta praevia, 
l placental abruption, premature rupture of membranes, pre-term birth, intrauterine growth 
| restriction and sudden infant death syndrome (Castles et al., 1999: Andres & Day, 2000; 
j US Department of Health and Human Services. 2001). The association between smoking 
f and pre-term delivery appears to be more pronounced for older women (US Department 
I of Health and Human Services, 200l j. There is also a relatively modest increase in the 
j risk for spontaneous abortion and stillbirth among women who smoke during pregnancy 
| :Windham et al., 1999). Smoking may be responsible for 15% of all pre-term births. 

: 20-30% of all infants of low birth weight, and for a 1.5-fold increase in overall perinatal 
1 mortality (Andres & Day. 2000). 

Women who smoke cigarettes during pregnancy have been observed to have a 
; decreased risk for various pregnancy-related disorders, including hypertension of pre- 
' aiancy and pre-eclampsia, even after control for relevant covariates (Castles et al.. 1999; 

; US Department of Health and Human Services. 2001). 

: Pre-eclampsia is caused by damage to the placenta and develops in the second half of 

pregnancy, usually in the last few weeks, or immediately after delivery Initially, the main 
symptoms are raised blood pressure and the presence of protein in the urine of the mother, 
and a slower-rnan-normal growth of the unborn child. In rare cases, women can go on to 
develop fits, known in pregnancy as eclampsia. Cigarette smoking has been associated 
with a lower rate of pre-edampsia among women who were pregnant for the first time, 
t independent of other maternal factors (Newman et al., 2001). For pre-eclampsia. 

! however, dose-response relationships have not regularly been found (US Department of 
1 Health and Human Services, 20(H). The limited data available regarding the association 
between cigarette smoking and the risk of eclampsia are mixed (US Department of Health 
: and Human Services, 2001). 

1 (iii) Effects on menopause 

l Cigarette smoking has repeatedly been found tn he associated with an earlier meno¬ 
pause. Current female smokers are about twice as likely to reach menopause al an earlier 
3ge as nousmokers; [lie relative risk increases with the average number of cigarettes 
smoked. When the effect is expressed as a difference in the median (or mean) age at 
menopause, women who smoke reach menopause about 0.8 to 1.7 years earlier than 
never-smokers. again with a greater effect among heavier smokers. Women w ho have 
stopped smoking reach menopause at an age similar to that of never-smokers, or some- 
"hat later (Midgette & Baron, 199(1; US Department of Health and Human Services. 
; MOD, 

1 The association between smok tag and earlier age-at-menopause has been very consis- 
I tally found in studies from Asia (Kato et al, 1988), northern Europe (Andersen et a!.. 
] 1982; Luotoei cl., 1994;Torgerson era/., 1994), southern Europe (Parazzini e/ al., 1992; 
j hleschia et al, 2000) and the USA (Jick et al, 1977). Studies using various designs have 
1 Sported this association, including cross-sectional surveys of patient populations (Jick 
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dal.. 1977). population-based surveys (Andersen a al, 1982; McKiniay et at, lsgj. 
Luoto dal. 1994; Gold dal, 2001). retrospective cohort studies (Kaufman etal, 19 ^ 
or prospective cohort studies (Willett d al., 1983; Bromberger d til. i y 47; Kato el ^ 
19981. In a study from Nigeria, the effect of smoking on age-at-menopause could not be 
demonstrated because of the small numbers of female smokers in that country, what 
smoking by women is a social taboo (Okonofua et al, 1990). 

The mechanisms underlying this association are not entirely clear. However, at least 
in animals, the'PAHs contained in cigarette smoke are toxic to ovarian follicles (Mattisoo 
& Thorgeirsson. 1978) and the human ovary probably contains the microsomal mono, 
oxygenases required to convert toxic chemicals into reactive species that affect oocytes. 
Smoking has been implicated in the increased rate of follicular atresia in womea 
(Matisson, 1982). The higher concentrations of follicle-stimulating hormone in premeno¬ 
pausal smokers than in premenopausal nonsmokers are consistent with ovarian toxicity 
(Velasco a al., 1990; Cooper el at., 1995; Cooper & lhorp, 1999; Cramer et al, 2002), 
The occurrence of a diminished ovarian reserve is significantly higher among women who 
smoke, as was shown in studies of infertile women undergoing assisted reproduction 
(Sharara et ul. 1994. El-Nemrrtu/., 1998). Premenopausal women who smoke may have 
fewer ovarian follicles than nonsmokers (Westhoff d al, 2000 ). although the data are 
conflicting. One study reported that smoking is associated with smaller ovarian volume 
(Syrop d al. 1995). whereas another failed to demonstrate this association I Flaws el a!., 
2000 ). 

(iv) Effects on male reproductive potential 

Cigarette smoking has repeatedly been associated with modest reductions in sperm 
density, motility and morphology (Vine et al, 1994; Wong et al., 2000). It has also been 
associated with increases in the levels of estrone, estradiol, testosterone and free testosr 
terone in serum (Vine. 1996; Tatmmer err al, 2002). This effect may be mediated in pan 
by constituents of seminal plasma. In one study, exposure of spermatozoa from non- 
smokers to seminal plasma from smokers was associated with decreased viability. On the 
other hand, when spermatozoa from smokers were incubated in seminal plasma from nov 
smokers, an improvement in the quality of semen was seen (Zavos et al., 1998). Desp* 
the relatively clear effects of smoking on sperm parameters and the possible delay in COO* 
ception, smoking by the male partner has not been found to have a consistent impact on 
fertility (Bolumarcro/.. 1996; Curtis elal., 1997; Hull dal-, 2000). 

(b) Hormonal effects 
(i) Sex hormones 

Estrogens 

Smoking is thought to exert an ‘antiestrogenic’ effect in women (Baron et al, 19® 
US Department of Health and Human Services, 2001). This is based on the observation 
that smoking increases the risk for estrogen-deficiency disorders, and decreases the"* 
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| |'o[ many disorders associated with estrogen-excess. Generally, this effect seems more 
j pronounced in postmenopausal women. Of the estrogen-deficiency disorders, smoking 
jus been found to be associated with an increased risk for hip fracture (Law & Hackshaw, 
1997 ; Law et al. 1997: US Department of Health and Human Services. 201)1). Of the 
^ estrogen-excess disorders, smoking has been found to be inversely associated with endo- 

I metrial cancer, uterine fibroids, endometriosis, vomiting during pregnancy and hyper¬ 
tensive disorders of pregnancy (Baron et al.. 1990; US Department of Health and Human 
Services. 2001). 

1 Cigarette smoking does not seem to affect endogenous levels of the major estrogens 
i in either premenopausal (Lucero et al. 2001; Manson et al. 2001) or postmenopausal 
I iemen (Baron et al. 1990; Law et al.. 1997; Verkasalo el al. 20011 although there are 
| reasons for predicting such effects: nicotine or smoke-associated PAHs may inhibit aro- 
l Blase, an enzyme that is required for estrogen production, in granulosa cells (Barbieri 
: gal, 1986). This lack of effect indicates that smoking alters estrogen-related processes 
J in women in ways other than through direct modulation of endogenous estrogen levels. 

Nevertheless, among postmenopausal women who take oral estrogens, cigarette smoking 
4 lias been shown to reduce circulating levels of estradiol (Jensen el al. 1985: Jensen & 
i Christiansen, 1988: Bjamason & Christiansen, 2000), unbound estradiol (not bound to 
i sex hormone-binding globulin) (Cassidenti a al. 1990) and estrone (Jensen et al, 1985; 
.teen & Christiansen. 1988: Geisler er al. 1999). During oral estrogen therapy, estrone 
sulfate accounts for a higher proportion of circulating total estrogens in smokers than in 
nonsmokers (Geisler et al. 1999; Cassidenti et ul.. 1990). With lower-dose regimens, 
smokers seem to have higher levels of follicle-stimulating hormone than nonsmokers 
: iBjarr.ason & Christiansen. 2000). 

j On the other hand, smoking does not affect the estradiol or estrone levels in plasma 
^ of women treated with parenteral (transdermal) estrogens (Jensen Sc Christiansen, 1988), 
I at least in the dose-range studied. However, plasma levels of estrone sulfate may be 
j reduced during parenteral estrogen therapy, although not significantly (Geisler et al, 
I IW). This difference from the findings after oral treatment suggests that cigarette 
^ smoking induces the hepatic enzymes that affect hormone metabolism in a ‘first pass’ 
■•j manner. 

| The biological mechanisms that may explain an anti-estrogenic effect of smoking are 
j not clear. Changes in body weight and age at menopause caused by smoking do not seem 
’ 'uhicient by themselves to provide an explanation. Some of the potentially anti-estro- 
I Knic effects occur in premenopausal women and adjustment for body weight and age at 
■ taopause does not greatly affect the observed associations. Smoking-related changes in 
‘ Serial androgens are also insufficient to explain rhe effects observed (Thomas et al., 
5 !993) (see below). A smoking-induced shift in estrogen metabolism towards 2-hydro- 
| Wogens and catechol estrogens with weak estrogenic potency may play a role 
I iMiehnovicz dal.. 1986, 1988). A recently described molecular mechanism may also be 
■J Levant. Cigarette smoking is a rich source of PAIIs and other ligands for the and hydro- 
| car bon receptor. The ligand-receptor complex has the capacity to bind to response ele- 
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itients in ilit' promoter region of estrogen-regulated genes, thereby serving as a trauj. 
cription repressor. This inhibition of estrogen may explain the lack ofestrogen stimulation - 
in women with normal estradiol and estrone levels (Safe et al.. 199S. 2001: Safe 4 
McDougal, 2002). ■: - 

Androgens 

In women, the most potent circulating androgen, testosterone, derives both from the 
ovary (predominantly in premenopausal women) and the adrenal gland. Androstenedionj ' 
and dihydroepiandrosterone. which have an adrenal origin, are much less potent as 
androgens, but may serve as precursors (brother, more potent hormones, such as dihvdro- 
epiandrosterone sulfate (DHEAS). Circulating levels of testosterone, androstenedione and 
perhaps DHEAS have been associated with cancers of the breast and endometrium 
(DorganrttfA. l997:Zdeniuch-JacquotteeVfl/., 1997;Akhmedkhanovtv«/., 2001;Endpr 
genous Sex Hormones and Breast Cancer Collaborative Group, 2002). 

In postmenopausal women, cigarette smoking clearly increases serum concentrations 
of the adrenal androgens, androstenedione and DHEAS (Law el a!., 1097). In prememt-,. 
pausal women who smoke. DHEAS levels are significantly increased (Manson et of; 
2001 ); for androstenedione. findings are consistent with an increase, bin the relevant 
studies are small and the results of individual studies are not statistically significant 
ILongcope & Johnston. 1988; RuaetuL. 1992;Thomas etal.. 19931, 

The levels ol the major circulating androgen, testosterone, seem unaffected by 
smoking in women. Lor example. Law et d. (1997) found that testosterone mnceiitraiions 
in postmenopausal women seem not lo be substantially affected, Studies in premeno- 
pausal women have generally been small and have yielded contacting results, Never¬ 
theless, one larger investigation (of > 600 women) reported higher testosterone concen¬ 
trations in the serum of female smokers than in nonsmokers (Sowers et d„ 2001), whereas 
an earlier study had reported a decreased free testosterone index (Ortego-Centeno et ai, 
1994). 

(ii) Diabetes mellitus and insulin resistance 

Diabetes mellitus is a lisk factor fur endometrial and breast cancers and possibly also 
for colorectal cancer (Giovannucci, 2001; Gupta ei al., 2002). Epidemiological data 00 
type 2 diabetes suggest that cigarette smoking is a risk factor for this common disease. 
Type 2 diabetes, generally incident among children or young adults, has strong immuno¬ 
logical and genetic determinants, and has essentially nut been studied with respect to 
possible associations with tobacco use. 

Recent cohort studies have shown a modest association of smoking with risk for inci¬ 
dent type 2 diabetes mellitus, though typically the increased risks were found only in the 
heaviest smokers and in those who start smoking at a younger age (Feskens & Kromhout, 
1989; Rimm el d., 1993,1995; Kawakami ei d., 1997; Manson et aL 2000). The asso¬ 
ciation was still observed after adjustment for multiple covariates, including body mass 
index and alcohol intake. 


The biological plausibility of these findings is supported by the results from other 
investigations showing that cigarette smoking can induce insulin resistance (Facchmi 
1 >id. 1992; Haulanen & Adlercreutz. 1995: Zavaroni etal , 1994; Eliasson etal.. 1997) 
Smokers have also been observed to have higher concentrations of glycosylated haemo¬ 
globin (HbAj and HbA, c ) than nonsmokers, indicating a tendency to higher glucose 
levels (Modan et a!., 1988: Simon eta!.. 1989: Nilsson etal, 1995; Sargeant etal., 2001). 

There are some hormonal mechanisms that might explain an association of smoking 
with an increased risk for diabetes. Smoking increases secretion of catecholamines, 
glucocorticoids and probably growth hormone; these are all 'counter-regulatory' 
hormones, i.e. they counteract the effects of insulin in glucose metabolism. 

(hi) Body weight andobesitv 

Cigarette smoking distorts the normal association between leanness and health 
because current cigarette smokers weigh less than never-smokers and have a lower body 
mass index (Klesges et al.. 1989; Perkins, 1993; Flegal et al.. 1995: US Department of 
Health and Human Services, 2001). The relationship is ‘U-shaped'; moderately'heavy 
smokers weigh less than nonsmokers and also less than heavy smokers. The weight diffe¬ 
rences ate larger for women and become more pronounced with age (Klesges etal., 1989: 
Williamson et al., 1991: Perkins, 1993: Raskv et al., 1996: Molarius et ai, 1997; US 
Department ol Health and Human Serv ices, 2001). Initiation of smoking seems not to 
lend to weight loss — rather, continued smoking probably suppresses nee-related weight 
gain (US Department of Health and Human Services, 2001). 

It is clear that smoking cessation leads to weight gain, such that former smokers 
weigh more than current smokers of the same age (and smoking duration before cessa¬ 
tion) (Williamson et ai. 1991; Perkins, 1993; Flegal et ai. 1995; US Department of 
Health and Human Services, 2001). The weight gain following cessation has generally 
been found to be greater in women than in men (Flegal et ai. 1995; O'Hara et ul, 1998; 
US Department of Health and Human Serv ices. 2001). 

The mechanisms underlying these effects have been studied extensively. The lower 
body weights of current smokers are not the result of taking more exercise or of lower 
caiuric intake: if anything, smokers tend to consume more calories and be less active than 
never-smokers {Klesges et al., 1989: Grunberg, 1990; US Department of Health and 
Human Services, 2001). After smoking cessation, there seems to be a transient increase 
in caloric intake, but this is not sufficient to explain the weight gain (Perkins. 1993). 
Metabolic studies, however, have repeatedly shown that smoking acutely increases 
energy expenditure, particularly in indiv idttais who are not at rest (Perkins. 1993). Animal 
experiments and studies ol individuals whe use nicotine replacement as an aid lo stop 
smoking suggest that nicotine is responsible for the weight differences (Grunberg, 1990). 
This may be due to the release of catecholamine associated with smoking ( US Depart¬ 
ment of Health and Human Services, 1983 1 . 

In addition to its effects on body weight, cigarette smoking also affects the distri¬ 
bution of body weight. Although body w eight is lower, the waist-to-hip ratio, an index of 
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abdominal obesity associated with an increased risk tor cardiovascular di.-ei-e. is higlu, 
in smokers. As for body weight, this association also appears to be stronger among wotnjj 
than among men (Duncan etui., 1995; Croft etui.. 1996, Ishizaki etuL I 1 ' 0 ' 1 ; LS Depajg 
ment of Health and Human Serv ices, 21)01). -jE-. 

(tv) Growth hormone, insulin-like growth factors ami ..e.rr ilm-tikef •• 
growth factor-binding proteins 

Growth hormone is secreted by the pituitary gland; most of its effects are mediate^ ; 
through insulin-like growth factors (IGFs) that are synthesized under tile influence of; -j 
growth hormone in a variety of tissues. Relatively heavy exposures to tobacco smoke (e.g 
smoking of two or more cigarettes in succession) acutely increase the level- of circulating.„, 
growth hormone, at least in men (Cryer etuL 1976: Wintemitz & Ouillen. 1977: Wiiknj ■ 
el al., 1982). In women, data are limited, btil are consistent with a similar effect The 
increase in growth hormone concentration is similar in obese and lean female smoken 
(Szostak-Wegierek era/.. 1996). 

Under ihe control of growth hormone, the liver synthesizes IGFs that are secreted into. ; 
the circulation. High serum concentrations of IGF1 have been associated vv ith cancers of 
the breast, prostate, colorcctum and lung (Chan etui, 1998: Matted., 1999; \ u & Rohan, 
2000; Kaaks et at., 2000; Toniolo ei at., 2000: Giovannuci, 2001; FiirMciibcrgei & Sena, 
2002). The data regarding circulating IGF1 levels and cigarette smoking are conflicting. 
Although the studies on growth hormone have suggested that IGH levels might bt ‘ 
increased by smoking (I: Hasson et al.. 1993: Kaklamani et ui. 1999). a few studies have 
reported decreased IGF1 levels in smokers ; Lundin-Wilheinison ,r al., 1994; 
Probst-Hensch et al., 2001) and other ittvestigaiions have found no associaikm 
(Goodman-Gruen & Barreii-Connor, 1997: Ma ei al., 1999; Lukaiiova a ... .. 2001). One 
study calculated free 1GF1 levels and reported lower values in ever-smokers than in not j 
smokers, bm this result is biased by the inclusion of former smokers with current smoka ti 
and by the apparent lack of adjustment for covariates (Janssen ei al. IWm. i ■ j 

Research in this area is complicated by the presence of IGF-binding proteins, which . | 
can alter the availability and effects of the IGFs. There are few data regarding the effect -j 
of smoking on the binding proteins and some have suggested that smoking may decrease • ? 
the levels of IGFRP3, (he principal binding protein for IGFI (Kaklamani el al, 1999;.- j 
Lnkanova era/.. 2001), although other studies have found no association i Yu eld, 199$ _ J 
Probsl-Hensdi etal.. 2001). 

(v) t minim D 

Vitamin D is well known as a family of hormones that regulate calcium, magnesium, 
phosphorus and bone metabolism. Vitamin D also has important effect;- .m cell differen¬ 
tiation and proliferation, and may be inversely related to the risks for cancers of the breast, 
prostate and colorectum (Schwartz & Hulka, 1990: Martinez & Willett. [998; Lipkin & 
Newmark. 1999; Bretherton-Watt el al. 2001; Polek & Weigel. 20(12). 


Ciga-ette smoking has repeatedly been associated with reductions in serum levels of 
’vliydroxyvitamin D (25-OH vitamin D), the compound that best reflects vitamin D 
uatus- A number of studies have repotted that smokers have lower serum concentrations 
of 25-OH vitamin D than nonsmokers (Mellstrom el al, 1993; Brot et al., 1999; Hams 
jtal, 2000: Rapuri etal. 2000; Chapurlatefa/., 2001; Need etal, 2002). Most of these 
iovesligaiions adjusted for several covariates such as bone mineral density, vitamin D 
;n iake and exposure to sunlight (Brot et al., 1999; Harris et at., 2000; Rapuri et al, 2000). 
1 , 25 -Dihydroxyvilamin D (1,25-(OH) ; vitamin D) levels are lightly regulated and do not 
[tiled vitamin D status except under conditions of obvious deficiency or excess. Never- 
iheless. in- some studies (Brot el a!., 1999; Need et al, 2002), but not all (Rapuri et al, 
2000 ). serum concentrations of this hormone have been found to be decreased in smokers. 

The data reviewed in this section can be summarized as follows: 

' Cigarette smoking has widespread and serious effects on reproductive function in 
women. Some of these effects may have implications for cancer risks in women. 

■ Cigarette smoking has important hormonal and metabolic effects that may be 
related to cancer risk at several sites. Smokers have an increased risk for type 2 
diabetes, which may, in turn, increase the risk for cancer at several sites. Smokers 
also have a lower average body weight than notismokers, and smoking cessation 
has been associated with weight gain. Although this weight gam is admittedly a 
negative outcome, the benefits of smoking cessation still far exceed it, 

• The ’anti-estrogenic’ effect of cigarette smoking may be relevant to the develop¬ 
ment of cancers at several anatomical sites in women, and the effects of smoking 
on vitamin D status may be involved in the carcinogenic effects of tobacco. 

■ The implications of the findings regarding the association between smoking, 
insulin-like growth factors and adrenal androgens are not clear. 

4.3.2 . Uiimals 

( a) Reproductive and perinatal effects 

(i) Effects on embryonic growth and malformations 

A study was conducted to determine whether chronic treatment of geslating monkeys 
"ith nicotine alters the concentrations of known regulators of energy balance in the new¬ 
born offspring. Gestating rhesus monkeys were treated with nicotine tartrate (1.5 mg/kg 
h" per day t starting on day 26 of gestation and were maintained until day 160 of gesta¬ 
tion. Exposure to nicotine had no significant effect on absolute birth weights of the 
turnkeys, although there was a 10 % reduction in birth weights in animals exposed to 
nicotine when normalized to maternal weight. Plasma Ieptin concentrations on postnatal 

I were lower by about 50% in the nicotine-treated group than those in controls, 
suggesting that the infant monkeys exposed to nicotine may also have lower body-fat 
' Cve k These data suggesi that exposure to nicotine during gestation may increase energy 
expenditure in the developing ferns through actions on hypothalamic systems, resulting in 
l°»cr birth weights and body-fat levels (Grove etal. 2001 ). 
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Gestating C57BL or mutant ‘curly tail’ mice were exposed to tobacco smoke-in a sn#^ ; 
king machine for 10 min, three times a day, either on the day of conception (day-O)^ 
days 1 and 2, on days 3,4 and 5, or from day 0 until day 17. After the first twoLreatmcyh i 
embryonic development was subsequently assessed on day 9. Both these periods tii'e nS l 
sure were associated with a dose-related retardation in embryonic growth, but the 
dation was more marked in embryos exposed on days fi, I and 1. It would seem. thei b^ 'r L 
that even brief episodes of maternal smoking are detrimental to the very early embryo) aaj ' 
even if smoking is stopped, the effects persist at least tor some days and 
immediate catch-up growth. In mice exposed continuously for [7 days, the fetuses w«-'* ' 
studied on day 18; a significant reduction in fetal body weight was observed jnhc^ " 
strains of mice. There was also a reduction in the number of skeleta! ossification centos, 
showing that developmental delay also occurred, in C57BL mice, one rib abnontlalitj 
occurred, but no major congenital malformations were seen. However, in the, curly Qj) 
mutants, 60% of which normally have a curly tail or an open neural tube defect, there wij >- 
a modest increase in the frequency of open spina bifida and exencephaly; a few minor fi 
abnormalities also occurred, and one case of deft lip with deft palate. These results is$je£.. 
cate that tobacco smoke, although detrimental to the developing fetus, is not a potent tera¬ 
togen in the mouse, but may have minor effects in those individuals genetically pre¬ 
disposed to an abnormality. These results may explain the generally inconclusive Endings 
regarding congenital malformations in the children of women who smoked during 
pregnancy, in ail experiments, the detrimental effects were seen with both higher-isr 
cigarettes (tar and nicotine yields, 12,9 and 1.19 mg/cigarette, respectively) and iow ffii-ftiT 
cigarettes (4.8 and 0.54 mg/cigarette, respectively), indicating that tobacco m#lcKSPp 
is not beneficial to the developing fetus (Seller & Bnait, 1995). ~ - veispp! 

(ii) Effects on the fetal respiratory system ■ .,. 

Exposure of fetal rats to nicotine gives rise to increased mortality when ammal5#P£M 
challenged postnataily with hypoxia. In one study, gestating rats received nicotine itfe' 
sions simulating the plasma nicotine concentrations of smokers. At 1-2 daysptkpartHffig? 
the nicotine-treated group displayed normal heart rates, electrocardiogram wavefoniB^S™' 
respiratory rates under normal oxygen conditions. With hypoxia (5% 0> for !0 ruin), 
controls showed initial tachycardia and a subsequent slight decline in heart rate. Atrip; 
ventricular conduction was gradually impaired and repolarization abnormalities afcp 
appeared. The group exposed to nicotine showed no tachycardia and then heart rate 
declined rapidly and precipitously within a few minutes after the start of 
Changes in respiration were identical in the two groups; initial tachypnoea and si' 
decline. These results suggest that prenatal exposure to nicotine affects sirioatriajdg ffl^ 
vity to hypoxia without impairing cardiac conduction per se. These mechanisms wSE-T 
explain the increased hypoxia-induced mortality noted in animals exposed to 
natally. and could contribute to increased morbidity, mortality arid'sudden idfanf^Hffi 
syndrome in humans (Slotkin eta!., 1997). 
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Rats were exposed to cigarette smoke or room air Irani days 2-22 of gestation. Immu- 
joblots of dorsocaudal brainstem lysates at day 2 postpartum revealed no differences in 
protein kinase C (PK.C) (a and P) or endothelial NOS expression. However, the immuno- 
jsactivities of PKC-y, PKC-S and neuronal NOS were reduced in the smoke-exposed 
group. The results indicate that smoking during gestation is associated with selective 
reductions in PKC and NOS isoforms within the dorsocaudal brainstem, which could 
decrease respiratory drive and lead to enhanced vulnerability to hypoxia in infants of 
mothers who smoke. These conditions are implicated in sudden infant death syndrome 
(Hasan ef a/., 2001). 

Gestating rats received either nicotine (6 mg/kg bw per day) or vehicle administered 
continuously with an osmotic minipump from day 6 of gestation to days 5 or 6 post¬ 
partum, On days 5 or 6 postpartum, pups were either exposed to a single period of 
hypoxia (97% N ; ; 3% C0 2 ) and their time to last gasp was determined, or exposed 
repeatedly to hypoxia and their ability to autoresuscitate from primary apnoea was deter¬ 
mined. Perinatal exposure to nicotine did not alter the time to last gasp, but it did impair 
the ability of pups to autoresuscitate from primary apnoea. in the control group, pups 
we able to autoresuscitate from 18 ± 1 (SD) periods ofhypoxia, whereas, after exposure 
to nicotine, the treated pups were able to autoresuscitate from only 12 ± 2 periods 
ip <0.001) ofhypoxia. These data provide evidence that perinatal exposure to nicotine 
impairs the ability of newborn rats to autoresuscitate from primary apnoea during 
repeated exposure to hypoxia, such as may occur during episodes of prolonged sleep 
apnoea (Fewell & Smith, 1998). 

(iii) Mutagenic effects in the embryo 

Long-term chronic exposure to tobacco smoke is believed to be necessary for carcino¬ 
genesis. An investigation was conducted into foe relationship between short-term expo¬ 
sure to smoke and the frequency of deletions in the mouse embryo. Deletions and other 
genome rearrangements are associated with carcinogenesis and inheritable diseases. The 
pink-eyed unstable (p UB ) mutation in C57BL/6J mice is the result of internal duplication 
of 70 kb of DNA within the p gene. Spontaneous reversion events in homozygous p'" 1 /p' , “ 
mice occur by deletion of one copy of the duplicated sequence. Reversion events occur¬ 
ring in the embryonic premeianoevtes of the developing fetus give nse to black spots on 
the grey fur of the offspring after birth, The effects of exposure of pregnant p m mice to 
cigarette smoke and cigarette-smoke condensate on the frequency of black spots occur¬ 
ring in the offspnng were investigated. Gestating dams were exposed (whole body) to 
smoke generated by eithei filtered or unfiltered cigarettes for 4 h, or alternatively, mice 
were given a 15-mg/kg bw dose of cigarette-smoke condensate during day 10 of gesta¬ 
tion. The concentrations of total particulate matter, CO, plasma nicotine and cotinine were 
detetmined to characterize the smoke exposure. There was a significant increase in the 
number of DNA deletions in the embryo as indicated by spotted offspring in both of the 
smoke-exposed groups and in the condensate-exposed group. The results suggest that 
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embryos arc highly sensitive to the gertotoxie activity of cigarette smoke 
single exposure of only 4 h (Jal i li et a!., 1998).. . 

(iv) Effects on the postnatal brain 

The effects of prenatal exposure to CO, a major component of cigarette smoke, on')}* 
structural and neurochemical development of the postnatal brain at 1 and 8 weeks were 
Studied alone or in combination with postnatal hyperthermia, (restating guinea^ 
(n =11) were exposed to 200 ppm CO for 10 h per day from mid-gestation until 
days), whereas control dams {n = 10) breathed room air. On postnatal day 4, neonate} 
from the control and CO-exposed groups were exposed to hyperthermia (35 Jw 
75 min or remained at ambient temperature (23 °C). Semiquantitative immunolitp. 
chemical techniques revealed the following neurotransmitter alterations in the meduHi 
after 1 week: a decrease in met-cnkephalin-immunoreactivity following postnatal hyper¬ 
thermia and an increase in S-hydroxytryptamine immunostaining following a combinatiea 
of exposure to CO and hyperthermia. No alterations were observed in substance,} 1 - or 
tyrosine-hydroxylase staining in animals subjected to any of the treatments. At 8 
age, the comhinarion of prenatal exposure to CO followed by a brief hyperthermics^ ‘ 
postnataily resulted in lesions throughout the brain and an increase in immunoreaetpaiy/ 
of glial fibrillary acidic protein in the medulla. Such effects on brain development could 
be of relevance in cardiorespiratory control in the neonate and could have implications for 
the etiology of sudden infant death syndrome, in which smoking and hyperthermia are 
major risk factors (Tolcos eta!,, 2000). 

Because the identity of the teratogenic agent in cigarette smoke remains controversial 
a study was conducted to investigate whether nicotine can cause neural dysmorphotogy 
and. hence, act as a nervous system teratogen in cultured rat embryos. This in-vitro Study 
confirmed the conclusion of previous reports on in-utero exposure that nicotine leads Ip 
growth retardation and impaired development of the nervous system, particularly of |t£, 
forebrain and the branchial arches. This could lead to microcephaly and deft palittgjl" 
term fetuses. Cellular disruption and necrosis occurred in the neuroepithelium andpute- 
lying mesenchyme; the effect was dose-dependent. There was severe disruption 'cfbfcjl 
and organelle membranes, and many healthy cells were found to contain engulfed, wMk" 
condensed or remnants of dead cells. The results show that nicotine acts as a nervous. 
system teratogen leading to gross and cellular dysmorphology. This could be explained by 
a direct effect of this highly lipid-soluble compound on the membranes, or by an indirect 
effect through oxidative membrane damage (Joschko et al.. 1991). 

(b) Hormonal effects 
(i) Estrogens 

Two groups of female rats (aged 2.5-3 months and 6 months) were exposed to 
stream cigarette smoke for 2 h per day for 3 weeks or 3 months. Exposure to 
smoke did not induce any changes in uterine weight or estrous cycle, but led to a deft*? 
in the estradiol (E2) concentration in uterine tissue, in particular in the 6-month-old A 
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/d in the young rats after 3 months of exposure. No signs of aneuploidy were found in 
|e uterus of the smoke-exposed animals. Flow cytometry analysis showed that both the 
cell proliferation index and the proportion of cells in S-phase were increased by 3 weeks 
jfexposure and both were decreased by 3 months of e.xposure (Berstein era/., 1999) 

(ii) Glucose tolerance, insulin 

Cigarette smoking is a major risk factor for coronary heart disease. The effect of nico¬ 
tine on blood pressure and glucose tolerance was studied in adult male Sprasue-Dawley 
ats randomly assigned to receive cither nicotine or placebo pellets as subcutaneous 
implants. Body-weight gain was controlled by pair-feeding, and was not significantly 
different between nicotine-treated and placebo-treated animals. Blood pressure increased— 
throughout a 3-week treatment period in nicotine-treated animals and was significantly 
ugher (p < 0.05) than in placebo-treated rats; it returned to normal within 1 week 
following exhaustion of the pellets. Oral glucose tolerance tests conducted at 2.5 weeks 
ifter implantation showed similar glucose, insulin and free fatty acid profiles in both 
poups. The results show that exposure to nicotine leads to sustained but reversible hyper- 
;eosion in rats without deterioration of glucose tolerance or insulin action, under condi¬ 
tions of controlled body-weight gain. Smokeless nicotine adversely affects the coronary 
risk profile by increasing blood pressure (Swislocki etai, 1997). 

(iii) Vitamin D 

The effects of 2 months of nicotine treatment on bone formation and resorption were 
.studied in adult female rats. In addition, the concentrations of calciotropic hormones, inclu¬ 
ding parathyroid hormone, calcitonin, 25-OH vitamin D and l,25-(OH) ; vitamin D were 
determined. Groups of seven animals received either saline or nicotine al 3.A or 4.5 mg/kg 
to per day, delivered by subcutaneously implanted osmotic minipumps, for 2 months. 
Serum, right tibia, left femur and lumbar vertebrae (3-5) were collected to determine hor¬ 
monal concentrations as well as histomorphometric parameters, bone-mineral density, bone- 
mineral content and vertebral strength. Although nicotine-treated rats had a lower level of 
25-OR vitamin D (54.4 + 3.1 ng/mL for the fower-dose group and 55.8 ± 2,8 ng/mL for the 
higher-dose group (mean ± SEM)) than the controls (74.8 + 2.8 ng/mL) (p <■ 0.01), no 
significant difference could be detected between the levels of the remaining hormones. 
Similarly, no statistical differences were detected in histomorphometric parameters, hone- 
mineral density', bone-mineral content or vertebral strength between nicotine-treated and 
control rats. The results indicate that exposure to nicotine for 2 months causes a 30% reduc¬ 
tion in serum concentration of 25-OH vitamin D, but no alteration in bone mass, strength or 
formation and resorption (Fung et al., 1998). 

(iv) Effects on the hypothatamus-hypophysis-adrenal hormones 

The possible long-term effects of postnatal exposure to cigarette smoke were studied 

it male Sprague-Dawley rats exposed to the smoke from two Kentucky reference IR-1 
type cigarettes every morning from day 1 after birth for a period of 5,10 or 20 days. The 
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rats were killed 24 li (i'ur exposure periods of 5,10 and 20 days), 1 week (for 20 days of 
exposure) or 7 months (for 20 days of exposure) after termination of the last exposure. 
Catecholamine levels and changes in catecholamine utilization in discrete hypothalamic 
regions were analysed by quantitative histoflnorinietry. Serum prolactin, luteinizing 
hormone, thyroid-stimulating hormone and corticosterone concentrations were deter¬ 
mined by radioimmunoassay, In the postnatal period, serum levels of luteinizing hormone 
were significantly increased 24 h after a 10-day or 20-day period of exposure to cigarette 
smoke. A highly significant increase in serum prolactin concentrations was observed is 
adults who had been exposed postnatally to cigarette smoke for a 20 -day period, althoiicfi 
the levels had been unaltered by this exposure when measured during the postnatal pfepod- 
Twenty-four hours following a 20-day postnatal exposure, catecholamine utilization was 
increased in the medial palisade zone of the median eminence and was substantially 
reduced in the parvocellular and magnoccllular parts of the paraventricular hypothalamic 
nucleus. Following 20 days of postnatal exposure to cigarette smoke, measurements made 
l week and 7 months later revealed no alterations in levels or utilization of catecholami* 
in various hypothalamic areas including the median eminence. No alteration in the deve¬ 
lopment of body weight was observed with any of the above changes. The results indicate 
that marked but temporary increases in the secretion of luteinizing hormone occur24 b 
after postnatal exposure to cigarette smoke, whereas increases in prolactin secretion deve¬ 
lop only in adult life, when maturation of the brain and'or the anterior pituitary gland is 
complete. Changes in levels and utilization of catecholamine have been found indiscrete 
hypothalamic nerve terminal networks, but do not play a major role in mediating the 
above changes in anterior pituitary function and are probably the result of a withdrawal 
phenomenon (Jansson etal., 1992). - 

Male rats were exposed to the smoke of 1-4 Kentucky reference IR-1 tyjrebigii®?^" 
Catecholamines in the diencephalon were measured by quantitative histofluoiiiiietryU 
discrete dopamine (DA) and noradrenaline (NA) nerve terminal systems. Blood con*# 
tions of thyroid-stimulating hormone, prolactin, luteinizing hormone, follicIe-stinruJafijSl-.; 
hormone, adrenocorticotropic hormone, vasopressin and corticosterone were deforaWI 
by radioimmunoassays. Exposure to unftltered, but not to glass fibre-filtered'tigaryi 
smoke resulted in dose-dependent reductions of NA levels in the various hypothalaH^^ 
nerve terminal systems, and in dose-dependent increases of amine turnover in the variafi 
DA and N A nerve terminal systems in the hypothalamus. The decrease that was observe! 
in secretion of thyroid-stimulating hormone, luteinizing hormone and prolactin after expo¬ 
sure to un filtered smoke was probably induced by nicotine activating the lateral andmedtd 
lubero-infundibular DA neurons. Furthermore, unftltered cigarette smoke produced ado*- 
related increase in corticosterone secretion (Andersson et al.. 1985). 



, J).4 Genetic and related effects 

j This topic was reviewed previously by DeMarini (1983) and Obe (1984) and sum¬ 
marized in the first lARC Monograph on tobacco smoking (IARC, 1986). The present 
jiuonognph provides only a brief overview of work prior to 1986 and, instead, 
I summarizes work published since then. 

|:.4.i Humans 

j (a) Mutagenicity, sister chromatid exchange, HPRT mutation and 

' other effects 

’* (i) Urinary mutageniciw 

f Urinary mutagenicity in smokers was detected first by Yamasaki and Ames (1977) by 
justing the XAD/acetone-extractable organic compounds from urine in the Salmonella 
j (Ames) mutagenicity assay. Several years later, studies using essentially the same 
■* ciethods confirmed and clarified this origins I observation (Putzrath et al. ,1981; Kriebel 

• ual., 1985). The general approach to these studies has remained similar over the years. 
| Ii involves concentration of the organic compounds from the urine by means of a solid- 
;; phase resin followed by elution with an organic solvent and then testing the resulting con- 

viutrate. alter its fractional analysis by HPLC. in the Salmonella (Ames) mutagenicity 
assay in the presence of rat liver S9 mix for metabolic activation, 

A comparison of tin ee types of resin (CIS, XAD-2 andCN) followed by elution with 
- acetone showed that the highest levels of urinary mutagenicity were delected using CIS 
} resin. This study found that urinary genotoxicity was higher in smokers of black tobacco 
1 than in smokers of blond tobacco (Kuenemann-Migeot et al„ 1996). A study of the stabi- 
4 Sty of stored urine samples showed that no significant loss of mutagenic activity occurred 
j ill urine stored frozen for as long as 175 days, although near significance was reached, as 
~ J result of decreasing mutant response as storage time increased, for two of the higher 
^ doses tested (Williams et al. , 1990). A Salmonella microsuspension assay is generally 
3 more sensitive at detecting urinary mutagens from smokers than the standard plate-incor- 
J poration assay (Kado et al, 19S3; Nylander & Berg, 1991). Peak mutagenic activity of 

* ike urine occurred 4-5 h after the beginning of smoking and decreased to pre-smoking 
' levels 12 h after the cessation of smoking in occasional smokers and after 18 h in heau 

1 -mokers (Kado et al., 1985). This study suggested thal the mutagens are absorbed rapidly 
■ 3-5 h) and are eliminated from the body following first-order kinetics; the excretion rate 
onstant for the occasional smoker was -0.1 h f and the half-life (T w ) was -7 h. A study 
o which the SOS Chromotest was used as the indicator assay showed that urine from 
v smokers that was mutagenic in Salmonella typhimurium TA98 was not mutagenic in the 
g SOS Chiomotest; this test is iherefore not suitable for assaying urinary mutagens (De 
•J et al, 1988). Urine concentrates from subjects who both smoked tobacco and 
a viewed areca nuts induced sister chromatid exchange and chromosomal aberrations in 


«se hamster ovary cells (Trivedi eta!., 1993,1995). 
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I The urine of smokers who smoked cigarettes that heated, but did not bum tobaccofraj 

, levels of urinary mutagenicity similar to those of nonsmokers (Doolittle a al. I 939 . 
deBethizyeto/., 1990, Smith etal., 1996). However, the urine of occupationally exposed 
bidi tobacco rollers was mutagenic (Bhisey & Govekar, 1991), suggesting that expose 
-i to tobacco per se rather than tobacco pyrolysate products may,be sufficient to prod®* 
mutagenic urine. Urinary mutagenicity generally correlated witfc'ihe number,® tigjjjl, 
tar level, of cigarettes smoked (Tuomisto el al, 1986; Kuenemann-Migeot e/ a!., 
Interestingly, the urine of smokers of black tobacco was twice as mutagenic ai the njw 
from smokers of blond tobacco, and there was a higher risk for bladder cancer in smokers 
of black tobacco than in smokers of blond tobacco (Vineis era/., 19S4; Bryant etui, 198f- 
Malaveille et al, 1989; see also Section 2.1.2.(a)(iii)). One study of bladder cans* 
patients showed that there was no association between levels of urinary mutagenicity aaj 
tumour status or recurrence of the bladder tumours (Kanaoka el a!., 1990). 

Although consumption of fried meat can also produce mutagenic urine, experiment* 
with subjects eating controlled diets showed that the higher urinary mutagenicity^ 
smokers compared with nonsmokers was not the result of enhanced mutagenicitycanssl 
by diet-related heterocyclic amine mutagens in their urine (Doolittle et d/.,"-I99«ty 
Although not reviewed exhaustively here, smoking was generally a potential .-factor a 
studies investigating urinary mutagenicity of occupational exposures, such as inks and 
pharmaceuticals (Dolara el at.. 1981), tyres (Crebelli el al, 1985), coke or graphite-elec¬ 
trodes (Ferreira a al.. 1994). steel and coal processing i.Dc Meo era/.. 1987) and benzi¬ 
dine (DeMarini et al, 1987). 

Indirect evidence suggests that the chemicals responsible for smoking-reiated unnajy 
mutagenicity are primarily aromatic amines and/or heterocyclic polyaromatic amfflb ex¬ 
pounds. For example, the urine of smokers was much more mutagenic in straitrYCrt® 
of Salmonella, which overproduces O-acetyltransferase, than in strains with lesS'OljijjP 
activity (e.g. TA98) or that overproduce nitroreductase (YG1021) (Einisto eLtfL-iSjl 
Camoirano et al, 2001). One study in which the urine of smokers was fractiecd^f 
reversed-phase HPLC and the fractions were (hen evaluated for their ability. In'!™# 
chromosomal aberrations in Chinese hamster ovary cells concluded that : ilaslos$ 8 !L 
agents were present in the urine of smokers. This clastogenic activity was redacaf^tte 
addition of catalase or superoxide dismutase, suggesting that the activity' of these age® 
may result from the production of active oxygen species (Dunn & Curtis. 1985)1""" 

Urinary' mutagenicity has been shown to correlate with the levels of a 4-ABPdWU 
adduct 1 in exfoliated urothelial cells from smokers (Talaska etal., 1991b) Howevspfc 
levels of a 4-ABP-haemoglobin adduct 2 showed a more complex association with ur#*7 
mutagenicity (Bartsch et al, 1990). Chemical analysis of urine from a smoker with 
tionally high urinary mutagenicity revealed the presence of the mutagen 
naphthol. which is a metabolite of the bladder carcinogen 2 -aminonaphthaiene 

1 4-ABP-DNAadduct: ;V-(deoxyguanosin-8-yI)-4-aminobiphenyl-DNA adduct ~ ~ 

2 4-ABP-naemoglobin adduct: !V-(deo.xyguanosin-S-yt)-4-amin«biplienyl—haemoglobin adduct '/SSE? 


■j pine), a component of cigarette smoke (Connor et al., 1983), Chemical fractionation of* 
j mutagenic urine from smokers indicated that much of the mutagenic activity may be due to 
4 paHs and/or heterocyclic amines (Mure et al, 1997). Although the concentration of urinar. ' 

1 nicotine plus its metabolites correlated with urinary mutagenicity in smokers (Rahn ef al 
j 1991; Granella et al. , 1996), nicotine and its metabolites were not responsible for the muta- i 
icenicity. The absence of urinary mutagens in subjects who smoke cigarettes in which — 
1 tobacco is heated but not burned has been demonstrated, although large quantities of nico-f 
* :ie and cotinine were found in the urine of such subjects (Curvall et a!., 1987; Rahn et al,' 

] 1991). 

i . 

3 (it) HPRT mutations 

| Several reviews (Cole Skopek, 1994; Robinson et al., 1994; Curry et al., 1999) 

' -ive noted that smoking generally increases the hypoxanthine-guanine phosphoribosyl- 
7 nansferase {HPRT] (also called HGPRT) mutant frequency in peripheral blood lympho- 
j cytes by -50%. However, the increases did not reach statistical significance in some 
y studies because of the large interindividual variability of HPRT mutant frequencies. Using 
) :e autoradiographic HPRT assay, some elevated portion of the HPRT mutant frequency 
was shown to reflect recent exposure to tobacco smoke rather than the cumulative effect 
"of past exposure. The two categories of smoker (light and heavy) had frequencies of 
mutant cells significantly different from each other and both were significantly higher 
m those of nonsmokers and former smokers (Ammenhcuser etal. 1997). Most impor- 
■ amly. HPRT mutant frequencies were similar in patients with lung cancer and in controls 
with the same smoking status, indicating that lung cancer per se has little if any effect on 
$ HPRT mutant frequency in lymphocytes. However, when cases and controls were com¬ 
bined, the HPRT mutant frequency was significantly higher in ever-smokeis than in 
I Kver-smokers (Hou et ai, 1999). Although some analyses have found no difference in 
j te mutation spectrum at the HPRT locus between smokers and nonsmokers (Curry et al ., 
1999), an increase in transversions, in particular, GC->TA. has been frequently noted 
if among smokers (Burkhart-Schultz et a!., 1996; Podlutsky et al, 1999; Hackman et al, 
jJ ®00). This is the primary class of base substitution induced by those PAHs that form 
bulky DNA adducts giving rise to transversion mutations. An excess of this class ofmuta- 
> S 0Q in the HPRT mutation spectrum of smokers would be consistent with exposure to the 
■Ms in cigarette smoke. 

(iii) Genotoxic effects in reproductive tissues/fluids and in children 
of smokers 

Pregnant women who smoke not only bad elevated HPRT mutant frequencies them- 
5 ^ v cs, but analysis of cord blood indicated that their children also had elevated 
j K quencies (Ammenheuser et al, 1994, 1998). Sequencing of HPRT mutants in cord 
; from mothers who smoke indicated that most (85.7%) of the mutations were illegi- 
da V(D)J recomhinase activity-associated exon 2-3 deletions (Bighee et al., 1999). 
^(D)J recomhinase is an enzyme system that mediates genomic rearrangements of germ- 
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line-encoded variable (V), diversity (D) and junctional (J) regions responsible for gene- 
rating T-cell receptor and immunoglobulin gene diversity for antigen-specitic recognitipj), 
These genomic HPRT deletions are an illegitimate recombination event associated wMi 
haematopoietic malignancies in early childhood (Gu et al, 1992). In-utero exposure to 
tobacco smoke increased translocation frequencies in the newborn, and a signihcaiit.assay 
ciation was found between the CYP1A1 MspI polymorphism (variant genotypes^ 
CYP1A1) and frequencies of chromosomal aberration in the newborns (Pluth et a/.L'2W^ 
Evidence has been obtained to suggest that smoking by the mother may cause detectable 
DNA strand breaks and alkali-labile damage in the lymphocytes of newborns detected by 
single-cell gel electrophoresis; the percentage of damaged cells increased with thifftj.' 
quenev of smoking (Sardas et al, 1995). 

Smoking was shown to induce aneuploidy in sperm for certain chromosomes,.inclu¬ 
ding 1,13. and YY disomy (Rubes et al, 1998; HSrkonen et al., 1999; Shi et d, 2001); but 
noUor others, such as XX, XY, 7 or 8 (Robbins et al. , 1997; Rubes et al, 1998; Harkte ‘ 
et 1999)- Smoking also appeared to induce oxidative damage to sperm DNAas indi¬ 
cated by higher levels of 8-OHdG in sperm DNA of smokers than in that of nomuuka 
(Shen et al. 1997). Consistent with this was the finding of higher levels of DNMrand 
breaks in the sperm from smokers than in that from nonsmokers (Potts et d, 1999).-. u* 

In investigations on the effects of smoking on oocytes, smokers were found to have 
fewer retrieved oocytes than nonsmokers, a finding consistent with the known reduction ia 
their fertility (Zenzes e/ti/.. 1995). The oocytes with diploid complements ot cliromosomes 
were more frequent in smokers than in nonsmokers. This diploidy probably resulted front 
the prevention of first polar body extrusion, which indicates meiotic immaturity. .Ihe^^ 
portion of diploid oocytes was strongly associated with the number of cigarettes siiiftf 
per day (Zenzes et al., 1995). In addition, tnploid zygotes occurred more frequently arnefe 
smokers than nonsmokers, suggesting that digynic fertilization is an important mectaa 
leading to triploidy among smokers (Zenzes et al., 1995). These results sttonglyGny^».= 
that cigarette smoking is hazardous to the viability and function of developing oqcyteW, 
their resulting embryos, and a recent study suggested that expression of the aromatic^* 3 - 
carbon receptor-driven Bax gene is required for premature ovarian failure caused by 
sure of mice to PAHs. This ovarian damage caused by PAH$ was prevented: by lariw** 
hydrocarbon receptor Ah2 or Bax inactivation. Oocytes in human ovarian biopsies grans 
into imniLinodeticient mice also accumulated Bax and underwent apoptosis after expos®* 
to PAHs in vivo (Matikainen et aL 2001). These data also suggest that the early CIK ® , 
menopause in women smokers is caused, at least in part, by the pro-apoptotic action 
tobacco smoke-derived PAHs in human oocytes. _ i, wbs 

The cervical mucus of smokers was more mutagenic than that of r.onsmokr- . 
tested in the Salmonella (Ames) mutagenicity assay (Holly el al., 1986), andX, ^ 
tone extracts of amniotic fluid from mothers who smoke induced a higher number o ^ 
chromatid exchanges in Chinese hamster ovary cells than did extracts fromnownK 
(Lahdetie el al. , 1993). This is consistent with the finding that cervical 
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1 from smokers had higher numbers of micronuclei than those from nonsmokers (Cerqueira 
i etal, 1998). 

^ As noted in the reviews by Sastry (1991) and Zenzes (2000), smoking causes nume- 
• L ; rous reproductive problems, as well as effects on meiotic spindle function, DNA damage 
j (oxidative damage as well as PAH adducts) to spermatozoa and oocytes, in addition to 
j gametic and placental transmission of genetic damage. As discussed above, smoking ir 
also associated with second-generation effects. Together, these data provide suggestive 
4 evidence for paternal and possible maternal gametic transmission of genetic damage as 
, well as indirect support for the possibility that tobacco smoke may be a germ-cell 
mutagen. 

(iv) Cytogenetic effects 

| Micronuclei 

:| Bonassi et al. (2003) reviewed many studies that examined the influence of smoking 
i on the frequency of micronuclei in peripheral lymphocytes. However, mixed results have 
• | been obtained. A pooled re-analysis of 24 databases from the Human MicroNucleus 
J JHUMN) international collaborative project showed that smokers did not have an overall 
J increase in the frequency of micronuciei in their lymphocytes. However, when the inter- 
' action with occupational exposure was considered, smokers of 30 cigarettes or more per 
Jay had a significantly higher frequency of micronuciei than did nonsmokers ( Bonassi 
tin!., 2003). An increased frequency or micronuciei in smokers has been observed to 
.. ccur preferentially in B lymphocytes and suppressor/cytotoxic T8 lymphocytes 
I [Larramendy & Knuutila, 1991). Elevated frequencies ot micronuciei have also been 
4 hound in the tracheobronchial epithelium of smokers (Lippman et al., 1990). Workers 
4 Exposed to tobacco while making bidi cigarettes also had an elevated frequency of micro- 
1 nuclei in buccal epithelium (Bagwe & Bhisey. 1993). 

J Sister chromatid exchange 

j In contrast to micronuciei, the frequency of sister chromatid exchange in peripheral 

t ’ lymphocytes was generally higher in smokers than in nonsmokers, Numerous studies of 
he frequencies of sister chromatid exchange in peripheral lymphocytes in environ¬ 
mentally or occupationally exposed or unexposed populations have found that cigarette 
diking induces sister chromatid exchange and can be a confounding factor it) occu- 
tional studies (Sarto et al. 1985; Stenstrand. 1985; Nagaya & Toriumi, 1985: Wulf 
■ a/., 1986;HusgatVel-Pursiainen. 1987:Pereraeta/.. 1987;Bender etal. 1988; Kelsey 
7 d, 1988; Reidy et al., 1988; Thompson el al., 1989, Nordic Study Group, 1990; 

, -I'inkworth et al, 1992; Gorecka & Goiski, 1993; Lazutka et al, 1994; Rajah & Ahuja, 
Anderson etal, 1997; Lemasters et al, 1997; Bukvic et al, 1998; Cebulska- 
4 Yasilewska et al, 1999; Rowland & Harding, 1999). Of all the cytogenetic end-points, 
^ chromatid exchange is the most sensitive to the effect of smoking. One study even 
^otistrated that smoking was associated with higher frequency of sister chromatid 
Change in peripheral lymphocytes than in bone marrow. An explanation of this finding 
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may be that circulating lymphocytes, with an average lifespan of 4.4 years, may accu¬ 
mulate more DNA damage than bone-marrow cells because they have a shorter lifespan j 

(Kao-Shan et al. 1987). However, among healthy adults, smoking may account for only ’ 

19% of the variation in frequencies of sister chromatid exchange between individuals ■ 

(Husum et al., 1986). There was a decrease in sister chromatid exchange in former j 

smokers during the first 78 days after stopping smoking; the decrease then was much j 

slower from the 78th to the 233rd day after cessation (Sarto et al, 1987). The mechanism j 

by which smoking induced sister chromatid exchange does not appear to involve extra- 1 

cellulariy generated free radicals (Lee et al., iy89). -j 

The smoking of various types of tobacco product, including bidis (Ghosh & Ghosh, 1 
1987; Murthy etal, 1997; Yadav & Thakur, 2000a) and hookah (Yadav & Thakur, 2000b) 
also induced sister chromatid exchange. ) 

Chromosomal aberrations ! 

.. 4 _ \ 

Studies of large populations using classical cytogenetic banding techniques for chip, j 
mosomal aberrations have given mixed resuits. One study found that the frequencies of 
chromosomal aberrations were not increased by smoking (Bender et al., 1988), whereas j 
another found that smoking caused a 10-20% increase in such aberrations (Nordic Study i 
Group. 1990). The results of smaller studies have also been mixed although several have 
found significantly higher frequencies of chromosomal aberrations in lymphocytes from 
smokers titan in those from nonsmokers (Littlefield & Joiner. 1986; Sinues et al. 1990; 
faw n & While-house. 200!). Molecular cytogenetic techniques, such as fluorescence in- : 
situ hybridization, have also yielded mixed results. Some studies found that smoking:,. „ , , 

— did not increase the frequency of stable or unstable aberrations, blit did increase 

• the frequency of hyperploidy (van Diemen etal., 1995); ; : 

— produced a marginal increase in translocation frequency (Pressl et al ., 1999);or- 

— caused a significant increase in stable aberrations (translocations and insertions) 

(Ramsey etal., 1995). 7 

Chromosomal aberration frequencies were found to be eievated among worketsina j 
bidi tobacco plant who were exposed to tobacco panicles and volatile constituents bytie , 
cutaneous and nasopharyngeal routes (Mahimkar & Bhisey, 1995). -:i 

Mechanistic considerations include the observation that smokers had lower levels of 
folic acid in their red cells than nonsmokers and this decrease in folic acid may play n role 
in the higher levels of chromosomal aberrations detected in smokers relative to those u 
nonsmokers, probably as a result of induction of common fragile sites (Chen et al., 1989). 
Various studies have found that exposure of peripheral lymphocytes from smoken to 
various mutagens such as radiations or chemical compounds in vitro resulted in high® i 
frequencies of chromosomal aberrations than such types of exposure caused in t}®* .4 

phocytes from nonsmokers (Au et al., 1991; Ban et al., 1995; Strom et al., 1995, Wang. 

L.-E. etal, 2000; Paz-y-Mifio etal., 2001). The levels of methyipurine^DNA giycosyto® ; 
and 2,6-diamino4-hydroxy-5N formamidopyrimidine (FaPy)-DNA glycosyla# W?F , 
higher in the peripheral blood leukocytes of smokers than in those of nonsmokers (o“ ; 


1 

. i 



ft al., 1993). Collectively, these studies suggested that the cells of smokers, especially 
those from men, were less able to repair DMA damage and that DNA repair enzyme 
levels, fragile sites and telomeric associations can be affected by recent exposure. 

A large international study showed that an elevated frequency of chromosomal 
aberrations in lymphocytes predicted the risk for cancer independently of exposure to 
carcinogens, including cigarette smoke (Bonassi et al., 2000). However, many studies 
have demonstrated an association between smoking and certain genetic changes specifi¬ 
cally predictive of various types of tumour. For example, in comparison w ith those of 
iwnsmokeis, the lymphocytes of smokers had higher frequencies of fragile sites and meta- 
phases with extensive breakage, as well as elevated expression of fragile sites at cancer 
break-points and oncogene sites (Kao-Shan et al., 1987). Analysis of normal bronchial 
epithelium from smokers using fluorescence in-situ hybridization found a considerable 
percentage of cancer-free tobacco smokers with trisomy 7 (Lcchner eta!., 1997), and the 
frequence of loss ot heterozygosity involving microsatellite DNA at three specific ioci- 
chromosomes was significantly elevated at chromosomal sites containing putative 
tumour-suppressor genes in histologically normal bronchial epithelium from chronic 
smokers (Mao et al, 1997). Perhaps most importantly, the fractional allelic loss or gam 
occurred at a much higher frequency in lung tumours from smokers (48%) than in those 
from nonsmokers (ii%), suggesting that lung cancer in smokers resulted from generic 
alterations distinct trout those resulting in lung career m nonsmokers (Sanchez-Ccspedes 
era/., 2001). 

Other genetic changes 

Microsatellite instability in colon tumours (Slattery et al. 2000) and chromosome 9 
alterations in bladder tumours (Zhang et al, 1997) have been associated with cigatcile 
smoking. Smoking has also been associated with mutagen sensitivity of lymphocytes as 
a predictor of upper aerodigestive tract cancer (Spitz et al. 1993). In another"study, 
smoking was found not to be significantly associated with mutagen sensitivity of ly m¬ 
phocytes as an indication of predisposition to oral premalignant lesions (Wu et al ., 2002). 
Various cytogenetic changes and smoking have been associated with risk for leukaemia 
and other myelodysplastic syndromes (Sandler et at. 1993; Davico et al., 1998; Bjork 
etal., 2000,2001; Moorman et al, 2002). 

DNA strand breaks and oxidative damage 

A higher frequency of DNA strand breaks detected by the single-cell gel electro¬ 
phoresis ‘comet’ assay has been found in lymphocytes (Einhaes et al. 1994; Piperakis 
etal., 1998; Poll -er al, 1999), buccal cells (Rojas el al, 1996) and urothelial cells 
(Gontijo et al., 2001) of cigarette smokers than in those of nonsmokers, Smoking also 
increased the level of F(2)-isoprostanes (one of the lipid peroxidation biomarkers), an 
index of oxidant stress (Dietrich et d„ 2002). 

The role of smoking-induced oxidative DNA damage is discussed elsewhere in this 
Monograph (see Section 4.1.1(c)). 
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I v) Chemoprevention of the formation of smoking-associated 

biomarkers of genotoxicity 

In humans, the administration of iV-acctylcyatcinc to smokers significantly reduced 
the level of urinary mutagenicity (De Flora eta!., 19%) as well as the frequency of micro- 
nuclei in the mouth floor and in the soft palate cells {Van Schooten el al, 2002). Admi¬ 
nistration of vitamins C and E as antioxidants to smokers also reduced the frequency of 
micronuclei in blood lymphocytes (Schneider et al, 2001). Higher intakes of vitamin A 
and selenium were associated with a reduced frequency of sister chromatid exchange in 
smokers (Cheng ei al. . 1995). However, administration to smokers of the anti-carcino¬ 
genic dithiolethione. oltipraz, had no influence on the levels of urinary mutagenicity 
(Camoirano et al., 2001). Similarly, supplementary niacin (nicotinic acid precursor of 
NAD', a substrate for the DNA repair-related enzyme poIy(ADP-ribose)polymerasc 
(PART)) did not decrease the frequencies of HPRT variants or micronuclei in peripheral 
blood lymphocytes in smokers. However, sister chromatid exchange was increased in 
these cells after the same supplementation (Hageman et at., 1998). Thus, the levels of 
smoking-associated urinary mutagenicity and micronuclci can be reduced by appropriate 
chemoprevention. 

\b) Mutations in TP53. K-RAS and related genes 

Smoking is associated with cancer of various organs, and mutations in these smoking- 
associated tumours hav e been identified in both oncogenes and tumour-suppressor genes. 

The gene most frequently found to be mutated in smoking-associated lung tumours is 
77353, and the studies of this observation have been extensively reviewed (Hernandez- ^ 
Boussard & Hamaut, 1998; Hainaut & Pfeifer, 2001; Hussain el al, 2001). Driefly^TTO' 
mutations are more common in smokers than in nonsmokers, and the frequency of 2?J3 ~'| 
mutations shows a direct correlation with the number of cigarettes smoked.'M* ] 

mutations are found in preneoplastic lesions of the lung, indicating that they are early A 

events that arc linked temporally to DNA damage caused by smoking. . j 

The 7P53 mutation spectrum in lung tumours of smokers contains 30% GCMTA -| 

transversions, whereas only 10% of the TPS3 mutations in nonsmokers or other tumours. ; 

are of this type. This percentage in lung exceeds 75% only after exposure resulting from i 

ihe use of a PAH-rich smoky coal in poorly ventilated homes (DeMarini et al, 2001). The 
elevated frequency of GC-aTA transversion in smokers reflects the type of DNA damage 
and resulting mutations produced by PAHs, which are important carcinogenic components 
of cigarette smoke. There is a precise correspondence between the mutational hotspots 
and the sites of DNA adducts remaining after cells exposed to BPDE and other diol 
epoxides have undergone a period of DNA repair (Denissenko et al., 1996; Smith ctd, ; 
2000). These mutations are targeted at methylated CpG sites. There is a bias for most of 
the mutated guanines of the GC-sTA mutations to be in the nontranscribed DNA straw ,■ 
in lung tumours from smokers. This bias results from the preferential binding and s 0 * 
repair of BPDE adducts formed on the nontranscribed strand al mutational hot.spN ^ 


in the TP53 gene and therefore the preferential repair of DNA adducts on the transcribed 
strand (Denisenko et al., 1998) Taken together, these and other data indicate strongly 
i that the TP53 mutations in lung tumours of smokers arc a result of direct DNA damage ' 
■ caused by the carcinogens in cigarette smoke. Although one report argued that TP53 
mutations in smoking-associated lung cancer were not induced by mutagens in cigarette - 
smoke, but were pre-existing mutations selected by physiological, non-genotoxic stress 
(Rodin & Rsriin, 2000), subsequent analysis has refuted this proposal (Hainaut & Pfeifer, 1 
: 2001 ). 

Mutations at the K-RAS or (/CMS 2) gene (codons 12,13 or 61) occur in-30% of the 
1 lung adenocarcinomas of smokers and are primarily GC-vTA transversions as seen in 
1 TP53 (Slebas et al, 1991; Husgafvei-Pursiainen et al. 1993: Westra etal, 1993; Gealy 
, et al, i 999; Ahrendt et al. ,2001). These mutations are associated with smoking and occur 
less frequency in nonsmokers (Marchetti et al., 1993; Gealy et al., 1999). 

Mutations: in TPS3 and other genes, such as FHIV, BCL-2 and BAX, loss of hetero¬ 
zygosity at specific chromosomal locations and gene overexpression (TP53, MDMf) have 
also been characterized in smoking-associatcd tumours, including those of the bladder, 
oral cavity aid breast (Spruck etal. 1993; Schreibcran/., 1997; Sozzi etal. 1997; Bara! 
etal., 1998: Kaur era/., 1998; Dosaka-Akita ef tz/,, 1999; Gealy et al., 1999; Tseng et al., 
1999; LaRue et al., 2000: Hi no et a!., 2001; Conway a a!., 2007). Collectively, these 
observations: are consistent with the mutagenic effects of cigarette smoke condensate and 
tobacco smoke as demonstrated in experimental systems. 

(cj Influence of polymorphisms in carcinogen-metabolising genes 

on smoking-associated biomarkers 

Numerals polymorphisms have been studied for their modulating effect on smoking- 
associated iiomarkers, such as urinary mutagenicity or HPRT mutant frequency. 
However, much of this literature reports studies using small populations, and many 
studies have either not been repeated, or conflicting results have been obtained in repeated 
studies (VuEis et al., 1999). Where effects were observed, they were frequently quite 
modest. Because of the incomplete and/or conflicting nature of this literature, firm con¬ 
clusions cainot be drawn regarding the modulating effects of polymorphisms on 
smoking-assaciated biomarkers. 


1 FHil; fragile histidine triad, a gene coding for a dinucleoside 5’.J'"-P'.PMnphc]Sphate hydrolase, a putative 
tamour-suppretsor protein 
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4.4.2 Experimental system 

(a) Gem/toxic affects, mutagenicity of cigarette-smoke condensate, 
urinary mutagenicity and mutation spectra 

As reviewed previously (5ARC, 1986), cigarette-smoke condensate (CSC) is mota- 
jgenic in a variety of systems. Most studies have used condensate generated from various 
Preference cigarettes, such as KIR4F. which was developed jointly by the US Nations) 
Cancer Institute, the US Department of Agriculture and the University of Kentucky 
■Tobacco and Health Research Institute (Steele et ai., 1995). The average mutagenicity of 
'cigarette-smoke condensates of mainstream smoke from US commercial brands and 
K1 RAF reference cigarettes in the Salmonella mutagenicity assay (on a revertants/mg con¬ 
densate or revertants/cigarette basis) was not significantly different between cigarettes 
representing > 70% of the US cigarette market (Steele et al. , 1995). Similar results were 
recently obtained in the studies of the K1R5F cigarette (Chepiga tt d, 2000), indicating 
that these reference cigarettes are acceptable standards with which to compare muta¬ 
genicity of cigarettes typically purchased in the USA. - v ' 

More recent studies have confirmed and extended the initial observations showing 
that cigarette-smoke condensate is mutagenic in Salmonella and SOS assays (Morin ital. 
1987: Ong eid. 198?: Chen & Lee. 19%). induces micronuclei in Viciataba root tips (Ji 
k Chen. 19%). deletions at the Tk locus in mouse lymphoma cells (Cobb et ai. 1989). 
Hpn mutants in Chinese hamster ovary' cells (Jongen et al. , 1985), and can transform 
human endocervical cells in culture to a malignant line with up-regulated levels of B-Myb, 
p5S and WAF, genes (Yang et al., 1997). Comparisons with wood-smoke condensateor 
liquid smoke food flavourings have shown that some flavourings are more cytotoxic than 
eigarette-smokc condensate. Nevertheless none of the liquid smoke food flavourings or 
wood-smoke condensates was mutagenic in an assay using S. typhimitrium TA98 andpnfy 
some of the liquid smoke food flavourings tested were positive with strain TA100, while 
cigarette-smoke condensate was mutagenic in both strains (Putnam et ai; ,1999k 
However, the levels of exposure must be considered in evaluating the risk posed by such 
substances (Titzgerald, 2001; Smith et al., 2001). The relative mutagenic potenejes-of 
organic extracts of cigarette-smoke condensate and other combustion emissions rank 
similarly in Salmonella . mouse lymphoma TX" and mouse skin tumour-initiation assays, 
suggesting that the results obtained using these different systems are reasonably compa¬ 
rable (Williams & Lewtas, 1985). 

Most of the sister chromatid exchange-inducing ability of cigarette-smoke condensate 
appears to reside in its neutral and highly polar, acidic/neutral fractions (Curvall et ai, 
1985: Salomaa et al., 1988): the sister chromatid exchange response of the acidic/neutral 
fraction was observed only after meiabolic activation, suggesting that the PAHs and acidic 
compounds in cigarette-smoke condensate are responsible for this activity. Aiso, the acidic, 
fraction was the most potent direct-acting fraction that induced mutations involving dele¬ 
tions and/nr chromosomal loss by non-disjunction in mammalian A L hybrid ceils ofCHQ- 
K1, a Chinese hamster ovary cell containing one human chromosome 11 (Matsukura d aL, 
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] [ 99 1}. The acid fraction included phenolic compounds such as catechol and hydroquinone 
i [Janssoii et ai, 1986) that may generate free radicals (quinone and oxygen radicals) that 
; could have produced the clastogenic effects observed. Reconstruction of a mixture contai- 
; jing the primary PAHs in cigarette-smoke condensate failed to reproduce the mutagenic 
j activity of the condensate, suggesting that PAHs were not the primary cause of the activity 
f (Asita et a!., 1991). 

] Nicotine and its metabolites were not mutagenic in Salmonella, did not induce sister 
] chromatid exchange in Chinese hamster ovary cells in a study by Doolittle et al. (1995) 
i and nicotine did not produce mutagenic urine in rats (Doolittle et al., 199!). However. 
| nicotine was reported to induce sister chromatid exchange in Chinese hamster ovary cells 
- (Trivedi et ai. 1990). Although cigarette-smoke condensate contains a wi de var iety of 
! agents of varying toxicity (Smith & Hansch, 2000), varying the amounts of 333 ingre- 
i dients (e g. casing materials, volatile top flavourings and menthol) added to typical com- 
: mercially blended test cigarettes did not add significantly to the overall mutagenicity, 
: i cytotoxicity or inhalation toxicity of the resulting cigarettes (Carmines, 2002; Roemer 
[etaL 2002). 

Several lines of evidence indicate that the primary source of mutagenic activ ity of 
: cigarette-smoke condensate in the Salmonella mutagenicity assay is the aromatic amine 
id heterocyclic amine protein pvrolysaie products. As reviewed previously (De-Marini. 
1983: Obe, 1984; I ARC. 1986 i. most of the mutagenic activity' of this condensate resides 
it. the basic or base/neutral fraction (Austin et al.. 1985; Salomaa et al.. 1988). which 
contains the aromatic amines and heterocyclic amines. The removal of protein and 
; peptides from flue-cured or burley tobacco using water extraction followed by protease 
4 digestion reduced the mutagenicity of the resultant condensate by -80% in S. tvphimu- 
mm TA98 and -50% in S hphimimm TA100 (Clapp et al, 1999). Condensates 
; produced from tobacco smoke aerosols generated at temperatures below 400 °C or 475 °C 
‘ we not mutagenic in TA98 or TA100, respectively, but those produced above those tem- 
‘ peratures were (White et a!., 2001). Heterocyclic amine pyrolysate products from proteins 
are formed only at high temperatures, and the fact that mutagenic activity is found only 
in cigarette-smoke condensate produced at high temperatures indicates that such com- 
; pounds are important contributors to this mutagenic effect. Exposure of hamsters to ciga¬ 
rette smoke enhanced the ability of their livers to convert heterocyclic amines to 
mutagens, suggesting that cigarette smoke, iike heterocyclic amines themselves, induces 
cytochrome P450IA2. Therefore, this induced isoform metabolizes heterocyclic amines 
iMoric/a/., 1995). 

Heterocyclic amines are much more mutagenic in .5, typhimitrium TA98 than in 
. TA100. This probably explains the greatly reduced mutagenic activity' of cigarette-smoke 
condensate in TA98 relative to TAI00 when protein was removed from the tobacco prior 
to combustion (Clapp et at, 1999). In addition, some of the activity detected in TA100 
.. “ay be due to PAHs, which are more mutagenic in TA100 than in TA98. At the molecular 
i Itvef the mutation spectrum of cigarette-smoke condensate in TA98 was identical to that 
; °f the heterocyclic amine Glu-P-1 (2-amino-6-methyldipyrido[l,2-a:3',2'-nf]imidaa)le), 


i 
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suggesting that this class of compound was primarily responsible for the frameshift muta. 
genic activity of the condensate delected in TA98 (DeMarini et al., 1995). In contrast, 
most of the mutations (78%) induced by CSC in TA100 were GC~»TA transversions; tins 
most closely resembled the mutation spectrum of a model PAH, benzofojpyrjjj. 
(DeMarini et al, 1995). GC-YTA transversions are not only the primary class of bast, 
substitution induced by cigarette-smoke condensate in TA 100, but are also a primaty class 
of base-substitution found in lung tumours of cigarette smokers (see Section 44.1(6)). - 

(h) Cytogenetic effects of cigarette smoke and its condensate in vitro - 

Data reviewed previously (IARC, 1986) and confirmed by Rutten and WiImer (1986) 
have shown that cigarette smoke and its condensate induced sister chromatid exchange in 
mammalian cells in culture. Tobacco particulate matter has also been shown to induce 
structural and numerical chromosomal aberrations (Lafi & Parry, 1988) and micromiclet 
(Jones et at.. 1991) in cultured mammalian cells. Based on the lack of association between 
micronuclei induction and DNA adducts, Jones et ai (1991) suggested that the micro- 
nuclei were not induced by aromatic compounds but, perhaps, by a direct-acting agent that 
may induce small alkylations or damage caused by radicals in DNA. Jansson etal, (1986, 

1988) and Curvall etal. (1985) showed that Ihe neutral fractions and weakly acidic, semi- 
volatile components of cigarette-smoke condensate were the most potent inducers of sister 
chromatid exchange in cultured human lymphocytes. They identified a number uf 
potential candidate compounds, most of which were alkvlphenols and benzaldehydes 
(benzenes having vicinal oxygenation or a conjugated double bond), that may be 
responsible for this activity. Whole smoke also induced micronuclei in ChineseTtamtef 
V79 cells without a metabolic activation system (S9) (Massey et ai, 1998). In another 
study based on immunocytochemical antikinetochore staining, which allowed differen¬ 
tiation between the clastogenic and aneugenic action of cigarette smoke, V79 cell* 
exposed to cigarette smoke appeared to be kinetochore-positive, suggesting (Hat fie - 
micronuclei formed were due to aneuploidy rather than clastogcnicity (Veliel ^ 
lloheneder, 1996). 

(c) Cytogenetic effects of cigarette smoke in vivo 

As noted in the earlier review (IARC. 1986). exposure of rodents to cigarette smoke 
has generally produced sister chromatid exchange in the bone marrow. However, studies 
on ihe induction of chromosomal aberrations in pulmonary alveolar macrophages b) 
exposure of rodents to cigarette smoke have produced some negative results (Lee, CJL 
et ai, 1992.1993) and one positive result (Rithidech et al.. 1989). Exposure of rodents to 
cigarette smoke has consistently produced micronuclei m polychromatic erythrocyte *® 1 
Ihe bone marrow (Balansky et al., 1987; Mohtashamipur et ai, 1987; Balansky 
1988; Mohtashamipur et al., 1988; Stoichcv et al., 1993; Nerscssian & Arutyunyan, W™ 


Balansky et al.. 1999), in normochromatic erythrocytes in peripheral blood (Bgla® 
etal, 1988,1999) and in pulmonary alveolar macrophages (Balansky et al., 1999)-' 


lift DNA strand breaks 

Several studies have demonstrated that both cigarette smoke and its condensate can 
; induce DNA strand breaks either in rodents, mammalian cells in culture or in DNA 
| in vitro (Nakayama etal., 1985; Willey etal., 1987; Fielding etal.. 1989; Leanderson& ■ 
Tagesson, 1990; Bermudez et ai, 1994; Leanderson & Tagesson, 1994; Spencer et al., 
1995: Seree etal., 1996; Yoshie & Ohshima, 1997, Liu el al., 1999; Yang, Q. etal, 1999). ; 
Cigarette smoke also induced nuclear accumulation of TP53 protein in mouse cells in 
| culture, providing an indirect indication of DNA damage (Hess & Brandner. 1996)., 
| Collectively, these studies are consistent with the demonstrated clastogenicity of cigarette 
I smoke and its condensate in cxperimetitaLsystems and humans. Several of these studies 
| have indicated that reactive oxygen or nitrogen species formed in cigarette smoke and its 
i condensate are the primary cause of the strand breaks. 

(e) Studies on cigarettes that primarily heat but not burn tobacco, and 
] modified cigarettes 

; Although cigarettes that primarily heat rather than bum tobacco (Borgerding el al.. 

[ 19981 are not generally available commercially, studies generally found that their smoke 
condensate: was not mutagenic in Salmonella and did not induce sister chromatid 
astange. chromosomal aberrations or Hpn mutations in Chinese hamster ovary cells or 
unscheduled DNA synthesis in rat cells (Doolittle et al. 1989; deBeihizy et al.. 19911; 
Doolittle et al. 1990b: Bombiek. B.R. si al. 1997). Whole smoke from such cigarettes 
j was also either non-mutagenic or only slightly mutagenic in Salmonella and a weak 
| inducer of sister chromatid exchange in Chinese hamster ovary cells, and it was negative 
I in ral bone marrow for chromosomal aberrations, micronuclei and sister chromatid 
! exchange. The relative cytotoxic and genotoxic potential observed in Chinese hamster 
I ovary cells exposed to the whole smoke Bum these cigarettes is likely to reside in the 
| vapour phase (Lee et al. , 1990a,b, Bombiek et al, 1998). Humans who smoked these 
j cigarettes produced urine that was -70% less mutagenic than the urine of smokers of 
j standard cigarettes (Doolittle etal, 1990b; Smith etal, 1996; Bowman etal., 2002). 

[ Ini 990, -20% of the -5200 deaths from fires i n Ihe USA occurred in those started bv 

- cigarettes (Brunnemann et al.. 1994), The smoke condensate from an experimental 
egareite that has low-ignition propensity, and is therefore less likely than regular 
cigarettes to ignite surrounding material, was as mutagenic as that of reference cigarettes 
brunnemann a al.. 1994). An experimental carbon filter that reduces the amounts of 

, l ‘ ett 4in vapour-phase components of tobacco smoke relative to charcoal filters currently 
l in commercial cigarettes produced whole smoke that was less mutagenic in Snlmn- 
■ and induced less sister chromatid exchange in Chinese hamster ovary cells than 
i s,1 toke from cigarettes with the usual type of charcoal filter; however, the genotoxicity of 
^ resulting smoke condensate was not significantly different from that of the condensate 

- T om standard cigarettes (Bombiek, D.W. etal., 1997). 
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.. Masheri, a pyrnlysed tobacco product mainly used in India to dean the teeth, induced j 

' chromosomal aberrations, sister chromatid exchange and micronuclei in bone-marrow | 

\ cells of mice and tipri mutations in Chinese hamster lung fibroblast V79 cells as well $ | 

' > mutations in Salmonella (Kulkami el al, 1987), | 

if) Transplacental effects 

i Exposure of gesturing mice to cigarette smoke showed that fetal liver, and peripheral. J 
blood and liver of newborn mice had elevated levels of micronuclei (Balansky & } 

Blauoeva, 1989), and such exposure also induced sister chromatid exchange in mouse' '? 
fetal liver (Karube et al,, 1989). Therefore, tobacco smoke contains clastogens that cross j 

the mouse placental barrier and cause chromosomal damage in ervthroblasts in fetal livst J 

Both tobacco smoke and its condensate have been shown to induce DNA deletions- -• 
(reversion of the pink-eye unstable mutation) in the embryo of exposed mice (Jalili el a!., - * 

1998). . | 

(g) Modulation ofgenomicih• of tobacco smoke and cigarette-smoke 
condensate 

Many studies have examined the ability of various agents to modulate the 
genotoxieity of tobacco smoke or its condensate in vitiv or in experimental animals. . 

Studies in rodents exposed to tobacco smoke <De Flora et al, 2003) or those in Salmfr - i 
noils exposed to cigarette-smoke condensate (Pamoirano el al., 1994; Romert etal, I 

1994 ) have identified a variety of agents that either inhibit or modulate the genotoxiciiy J 

of tobacco smoke and/or its condensate. Such agents include iV-aeetylcysteine, chlotp- | 
phyllin, phenolic compounds, isothiocyanates, dithiocarbamates, indoles, tetrapyroles and * 
flavonoids. As noted in Section 44 l(a)(v), some of these agents have been shownf - j 
modulate the formation of smoking-associated biomarkers in humans. • *. 

i 

4.5 Mechanistic considerations i 

Classical ly. tobacco smoke has been described as acting both as a tumour initiator and 
a tumour promoter {IARC, 1986). in the light of recent developments in the understand^ , 
of the molecular effects of tobacco smoke, this knowledge can be extended to descri 
how genetic and epigenetic changes cooperate in tobacco-induced carcinogenesis...._ , 

The modern synthesis of molecular biology and cancer biology identifies at leag! | 

major pathways that must be disrupted for a normal cell tu become a tumour cell- These , 

include self-sufficiency in growth signals, insensitivity to anti-growth signals, evasion ° ! 

apoptosis, tissue invasion and metastasis, sustained angiogenesis and limitless leplic? v • 

potential. Disruption of these major pathways can occur through genetic or 8 enoffl ' c T" " | 
rations in well-defined genes or through a number of epigenetic processes, ifiduW j 
methylation of DNA, post-translational modifications of proteins and modification- j 
gene expression patterns (Hanahan & Weinberg, 2000). There is evidence that smoking 1 ’ j 


associated with some of the genetic and epigenetic changes affecting these major path¬ 
ways (Heusch & Maneckjee, 1998; Aoshiba el al. 2001; Brandau & Bohle. 2001; Chang 
etal. 2001; Forgacs et al., 2001; Hindman, 2001; Jull el al. 2001; Kang & Park, 2001; 
Kim, D.H. et al, 2001; Wistuba et al, 2001). Some of these genetic and epigenetic 
changes have also been observed in smoking-associated diseases other than cancer, such 
as atherosclerosis and rheumatoid arthritis, indicating that these diseases share common 
pathways with cancer, and that these pathways are disrupted by tobacco smoke (Chen & 
Loo, 1995; Albano etal, 2001; Wang, H. etal., 2001). 

Conceptually, the effects of tobacco smoke as a carcinogen can be viewed as the result 
of both genetic and epigenetic changes. Although epigenetic changes can trigger a com¬ 
plex, suppressive cellular stress response, genetic changes may endow some cells with a 
capacity to escape normal immunosuppression. Thus, the changes in the cellular environ¬ 
ment inflicted by tobacco smoke may produce a selection procedure that favours the emer¬ 
gence ot cells that have acquired the capacity to undergo clonal expansion. This pheno¬ 
menon can occur simultaneously at several sites within an exposed tissue field, resulting 
m multifocal lesions, some of which can progress to cancer (field carcinogenesis). 

Moreover, there is a remarkable convergence between the molecular changes induced 
by tobacco smoke summarized here, such as DNA damage and mutation, and recent 
experimental evidence for mechanisms of carcinogenesis. Collectively, these data support 
a multistep model ol carcinogenesis in which the components of tobacco smoke are the 
direct cause of the cellular changes that accumulate to drive the carcinogenenic process. 

The previous IARC Monographs on tobacco smoking (IARC, 1986) provided convin¬ 
cing evidence of the carcinogenicity of tobacco smoke. The present volume extends this 
evidence and provides compelling molecular data that explain some of the mechanisms 
by which tobacco smoke is carcinogenic. Most importantly, these data have largely been 
obtained from studies in humans, rather than in experimental animals. Thus, their 
relevance cannot be denied, and their explanatory powers cannot be easily dismissed. 
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5. Summary of Data Reported and Evaluation 


—jrl—- Exposure data 

Smoking of tobacco is practised worldwide hy over one thousand million people. 
However, while smoking prevalence has declined in many developed countries, it remains 
, high in others and is increasing among women and in developing countries. Between one- 
: fifth and two-thirds of men in most populations smoke. Women's smoking rates vary more 
widely bnt rarely equal male rates. 

• Tobacco is most commonly smoked as cigarettes, both manufactured — which are a 
highly sophisticated nicotine-delivery system — and hand-rolled. Pipes, cigars, bidis and 
other products arc used to a lesser extent or predominantly in particular regions. Cigarettes 
ire made front linc-cut tobaccos which are wrapped in paper or a maize leaf. Cigars 
consist or cut tobacco filler lomicd in a binder leaf and with a wrapper leaf rolled spirally 

■ around the bunch. Bidis contain shredded tobacco wrapped in non-tobacco leaves, usually 
, dried temburni leaves. 

The chemical composition of tobacco smoke, although influenced by the specific 
runner in which individuals smoke, is primarily determined by the type of tobacco. It is 

• also influenced by the design of the smoking device or product and, for cigarettes, by the 
| presence or absence of filters, and by other factors including ventilation, paper porosity' 

; 2n d types of additives. As a result, concentrations of individual chemicals in smoke vary. 

/ Analysis of the ways in which people smoke modem cigarettes shows that actual doses of 

: ' nicotine, carcinogens and toxins depend on the intensity and method of smoking and have 
litile relation to stated tar yields, the total volume of smoke drawn from cigarettes as a 
‘esuh of specific smoking patterns is the principal determinant of dose to the smoker. All 
present!} available tobacco products that are smoked deliver substantial amounts of esta¬ 
blished carcinogens to their users. 

The yields ot tar, nicotine and carbon monoxide from cigarettes, as measured by 
standard machine-smoking tests, have fallen over recent decades in cigarettes sold in most 
parts of the world, but have remained higher in some countries, The tar and nicotine yields 
: currently measured are misleading and have only little value in the assessment of human 
exposure to carcinogens. 

The regulation of smoking and smoke yields varies widely around the world in scope 
and degree of enforcement. Certain regulatory actions, such as taxes and workplace 
Poking bans, are effective in reducing smoking rates and protecting nonsmokers. 
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5,2 Human carcinogenicity data 

In the previous 1986 IARC Monograph on tobacco smoking, cancers of the lung, onij, ^ 
cavity, pharynx, larynx, oesophagus (squamous-cell carcinoma), pancreas; uunyw 
bladder and renal pelvis were identified as caused by cigarette smoking. Many 
studies published since this earlier monograph support these causal links. In aMfifpftl 
there is now sufficient evidence for a causal association between cigarette smoking and f, 
cancers of the nasal cavities and nasal sinuses, oesophagus (adenocarcinoma), storing, 
liver, kidney (renal-cell carcinoma), uterine cervix and myeloid leukaemia, , . , , 

In cancer sites that were causally linked to cigarette smoking in the previous USC 
Monograph on tobacco smoking, the obsetved relative risks ranged generally from-' 
approximately 3 for pancreatic cancer to more than 20 for lung cancer. For those.cancer. 
sites that were now also linked to cigarette smoking in this monograph, generally tm-to 
threefold increased risks were observed. ' /f'v' 


Cigarettes . . r , - jf . 

Lung ' • 

Luna cancer is the most common cause of death from cancer in the world. The total 
number of cases is now estimated to be 1.2 million annually and is still increasing. The 
major cause of lung cancer is tobacco smoking, primarily of cigarettes. In populations 
with prolonged cigarette use, the proportion of lung cancer cases attributable to cigarette 
smoking has reached 90%. 

The duration of smoking is the strongest determinant of lung cancer in ■‘■dtp.? 
Hence, the earlier the age of starting and the longer the continuation of smoking u > 1 : ' 
hood, the greater the risk. Risk of lung cancer also increases in proportion to the w 

of cigarettes smoked. ' - ras 

Tobacco smoking increases the risk of all histological types of lung cancer,: 
squamous-cell carcinoma, small-cell carcinoma, adenocarcinoma (including bror« 
alveolar carcinoma) and large-cell carcinoma. The association betweenadenoyarg 
of the lung and smoking has become stronger overtime. The carcinogenic etteci 0 
rette smoking appear similar in both women and men. 

Stopping" smoking at any age avoids the further increase in risk offag 
incurred by continued smoking. The younger the age at cessation, the greater the m . 

Urinary tract .. 

Tobacco smoking is a major cause of transitional-cell carcinomas oft J e - 
ureter and renal pelvis. Risk increases with the duration of smoking and number ° Bu¬ 
rettes smoked. As for lung cancer, stopping smoking at any age avoids the febr 
in risk incurred by continued smoking. ... £ ‘ 

Evidence from several cohort and case-control studies published since WK 
URC Monograph on tobacco smoking has indicated that renal-cell carcinoma r 
ciated with tobacco smoking in both men and women. The association is not expi 


I 
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confounding. A dose-response relationship with the number of cigarettes smoked has 
been noted in most studies, and a few also noted a reduction in risk after cessation. 

Oral cavity 

Tobacco smoking, including cigarette smoking, is causally associated with cancer of 
the oral cavity (including lip and tongue) in both men and women. Since the previous 
IARC Monograph on tobacco smoking, evidence from many more studies has accumu¬ 
lated that further confirms this association. Use of smokeless tobacco andtor alcohol in 
combination with tobacco smoking greatly increases the risk of oral cancer. Risk 
increases substantially with d uratio n of smoking and number of cigarettes smoked. Risk 
among former smokers is consistently lower than among current smokers and there is a 
trend of decreasing risk with increasing number of years since quitting. 

Nasal cavity and paranasal sinuses 

An increased risk of sinonasal cancer among cigarette smokers has been reported in 
all nine case-control studies for which results are available. Of seven studies that have 
analysed dose-response relationships, a positive trend was found in five and was 
sue rested in the other two. In all the five studies that have analysed squamous-cell carci¬ 
noma and adenocarcinoma separately, the relative risk was clearly increased for 
squamous-cell carcinoma, 

Nasopharynx 

An increased risk for nasopharyngeal cancer among cigarette smokers was reported in 
one cohort study and nine case-control studies. Increased relative risks were reported in 
both high- and low-risk geographical regions for nasopharyngeal cancer. A dose- 
response relationship was detected with either duration or amount of smoking. A reduction 
in risk after quitting was also detected. The potential confounding effect of infection with 
Epstein—Barr virus was not controlled for in these studies; however, such an effect was not 
considered to be plausible. No important role was shown for other potential confounders. 

Oropharynx and hypopkarynx 

Oropharyngeal and hypopharyngeal cancer are causally associated with cigarette 
Smoking. The risk increased with increased duration ot smokina and daily cicurette con¬ 
sumption and decreased with increasing time since quitting. 

Oesophagus 

Tobacco smoking is causally associated w ith cancer of the oesophagus, particularly 
squamous-cell carcinoma. Tobacco smoking is also causally associated with adenocarci¬ 
noma of the oesophagus. In most of the epidemiological studies, the risk for all types of 
oesophageal cancer increased with numbers of cigarettes smoked daily and duration of 
smoking. However, riskfor oesophageal cancer remains elevated many years after cessa- 
fan of smoking. 
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Tobacco and alcohol in combination with tobacco smoking greatly increase thcTid^ 
for squamous-cell carcinoma of the oesophagus. In India, use of smokeless tobacco 

combination with smoking also greatly increases the risk. jKj.v. 


Laryngeal cancer is causally associated with cigarette smoking. The risk incpajjgjs 
substantially with duration and number of cigarettes smoked. Use of alcohol L, 
nation with tobacco smoking greatly increases the risk for laryngeal cancer. A few ^ ra^ ^ 
also reported that relative risks for cancer of the larynx increased with decreasing "age’*®* 
start of smoking. The relative risk decreased with increasing time since quitting smoking' " 

Pancreas 

Cancer of the pancreas is causally associated with cigarette smoking, P“ rrl 
increases with duration of smoking and number of cigarettes smoked daily. Tu vi 
remains elevated after allowing for potential confounding factors such as alcoboftcri- 
sumption. The relative risk decreased with increasing time since quitting smoking- 1 - £■■ 

<V- .-U.fi; > 


The data available in 1986 did not permit the earlier IARC Working Group to 
conclude that the association between tobacco smoking and stomach cancer was causaL 
Since that time, further studies have shown a consistent association of cancer of the 
stomach with cigarette smoking in both men and women in many cohort and case-control 
studies conducted in various parts of the world. Confounding by other factors (e.g- 
consumption, Helicobacter pylori infection and dietary factors) can be reasonably ntSjfc 
out. Risk increases with duration of smoking and number of cigarettes smoked, , 
decreases with increasing duration of successful quitting. In studies that had adequate’ 
numbers, the relative risks for men and women were similar. ; tlj 


•••-■V ■ 


In the previous IARC Monograph on tobacco smoking, a causal relationship 
iver cancer and smoking could not be established, chiefly due to possible cdttfbl^p® 
from alcohol intake and hepatitis B and hepatitis C virus infections. Many cohort studio 
rnd case-control studies have provided additional information on smoking and liver COT ” 
since then. Most of the cohort studies and the largest case-control studies (most notably 
hose that included community controls) showed a moderate association between 
smoking and risk of liver cancer. In many studies, the risk for liver cancer increased. 

;he duration of smoking or the number of cigarettes smoked daily. Former 
nad stopped smoking for more than 10 years showed a decline in liver cancer rri - WKA; 
founding from alcohol can be ruled out, at least in the best case-control studies^) - 
careful adjustment for drinking habits. An association with smoking has *o 
demonstrated among non-drinkers. Many studies, most notably from Asia, have sky 
attenuation of the association between smoking and liver cancer after adjustment 


fieation for markers of hepatitis B,"hepatitis C virus infection. There is now sufficient evi¬ 
dence to judge the association between tobacco smoking and liver cancer as causal. 

Cervix 

An association of invasive cervical squamous-cell carcinoma with smoking has been 
observed in the large number of studies reviewed. The most recent studies have controlled 
for infection with human papillomavirus, a known cause of cervical cancer. The effect of 
smoking was not diminished by the adjustment for human papillomavirus infection, or 
analysis restricted to cases and controls both positive for human papillomavirus (as ascer¬ 
tained by human papillomavirus DMA or human papillomavirus serological melhodsj. 
There is now sufficient evidence to establish a causal association of squamous-cell cervical 
carcinoma with smoking. In the small number of studies available for adeno- and adeno¬ 
squamous-cell carcinoma, no consistent association was observed. 

Leukaemia 

Myeloid leukaemia in adults was observed to be causally related to smoking. Risk 
increased with amount of tobaau smoked in a substantial number of adequate studies. No 
clear evidence of any risk was seen for lymphoid leukaemia/lymphoma. 

Support tor a causal relationship of smoking with myeloid leukaemia is provided by 
the finding of known leuhemosens in tobacco smoke, one of which (benzene) is present 
in sufficient amounts to account for up to hall'of the estimated excess of acute myeloid 
leukaemia. 

Colorectal cancer 

There is some evidence from prospective cohort studies and case-control studies that 
the risk of colorectal cancer is increased among tobacco smokers. However, it is not 
possible to conclude that the association ktween tobacco smoking and colorectal cancer 
is causal. Inadequate adjustment for various potential confounders could account for 
some of the small increase in risk that appears to be associated with smoking. 

hmale breast 

Most epidemiological studies have found no association with active smoking, afler 
controlling for established risk factors (e.g, age at time of first birth, parity, familv history 
of breast cancer and alcohol). The large multicentre pooled analysis of the association of 
smoking with breast cancer in non-drinkers confirms the lack of an increased risk of 
breast cancer associated with smoking. 

hdometrim 

Cigarette smoking is not associated with an increased risk for endometrial cancer. 

An inverse relationship of cigarette smoking with endometrial cancer is observed 
consistently in most case-control and cohort studies, after adjustment for major con- 
founders. This pattern is stronger in post-menopausal women. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Prostate ' • " 

No clear evidence of any risk for prostate cancer is seen in case-control stndies brjy| J 
studies of incident cases in cohort studies. The small excess observed in some ahalyog^j^fJ 
mortality studies can reasonably be explained by bias in the attribution oftbc uudgrl^^| 
cause of death. ,. idSSSfl 

* ' —I 

Other - ' ' '(>,L -r 

There is inconsistent and/or sparse evidence for association between' cigafijSp|i 
smoking and other cancer sites that were considered by the Working Group. ■&*, 

*'?■ ' <\ 

Cigars and pipes '< 

Cigar andfor pipe smoking is strongly related to cancers of the oral cax-f. j 

pharynx, hypopharynx, larynx and oesophagus, the magnitude of risk being simi„■ r 1 Uej -.. | 
from cigarette smoking. These risks increase with the amount of cigar and( 0 / pi(«V - J 
smoking and with the combination of alcohol and tobacco consumption. Cigar and/t 1 pipe 1 

smokine is causally associated with cancer of the lung and there is evidence thu. cigar “1 
and/or pipe smoking arc also causally associated with cancers of the pancreas, sumach 
and urinary bladder. 


Bidi smoking is the most common form of tobacco smoking in India and is akojns ^ 
valent in other south-Asian countries and an emerging problem in the USA. -Biol • • y. •; 
was considered as carcinogenic in ihe earlier IARC Monograph on tobacco smokui. a 
later studies have provided further evidence of causality. Case-control studies depj>-tv. 
trated a strong association at various sites: oral cavity (including subsites), pbaiyu&fe'iA^ 
oesophagus, lung and stomach. Almost all studies show significant trends with V 

bidi smoking and number of bidissmuked. U U 

= •• f 

Synergy - 4 

For public health purposes, synergy should be characterized as a positive de P-^ 
from additivity. The epidemiological literature often inadequately describes combtnw ■ 
effects of smoking with co-exposures to other carcinogenic agents and m many stu 
power is limited for characterizing combined effects. The issue of synergistic effectsc«n. 
be appropriately addressed by epidemiological studies that show stratified ana! >' sls 
have sufficient power. The studies reviewed found evidence of synergy tetvveen f®, 
and several occupational causes oflung cancer (arsenic, asbestos and radon), and 
smoking and alcohol consumption for cancers of the oral cavity, pharynx, ^ 

oesophagus and between smoking and human papillomavirus infection for cancer c • 
cervix. Data were inadequate to evaluate the evidence for synergy between.smoking , ^ - 

other known causes of cancer (e.g. hepatitis Band alcohol for liver cancer, . . ■ 
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|- 5.3 Animal carcinogenicity data 

: Cigarette smoke has been tested for carcinogenicity by inhalation studies in rodents, 

rabbits and dogs, The model systems for animal exposure to tobacco smoke do not folly 
simulate human exposure to tobacco smoke, and the tumours that develop in animals are 
: not completely representative of human cancer. Nevertheless, the animal data provide 
valuable insights regarding the carcinogenic potential of tobacco smoke. 

The most compelling evidence for a positive carcinogenic effect of tobacco smoke m 
animals is the reproducible increase observed in several studies in the occurrence of 
laryngeal carcinomas in hamsters exposed to whole tobacco smoke or to its particulate 
phase. In four of five studies in rats, exposure to whole smoke led to modest increases in 
the occurrence of malignant and/or benign lung tumours. Similarly, in four of eight 
studies in mice of varying susceptibility to lung tumour development, exposure to whole 
i smoke led to a modest increase in the frequency of lung adenomas. An increased 
i incidence oflung 'tumours’ has also been reported in dogs exposed to tobacco smoke, but 
it is uncertain whether the histopathologica 1 features of the lesions are consistent with 
malignancy. In hamsters exposed to both cigarette smoke and chemical carcinogens (IV- 
nitrosodiethylamine and 7,l2-dimethylbenzfo]anthracene), the tumour response in the 
respiratory tract was higher than in hamsters exposed to either agent alone. The same is 
true in rats exposed simultaneously to cigarette smoke and radionuclides (radon progeny 
and plutonium oxide). 

t Cigarette smoke condensate both initiates and promotes tumour development in ani¬ 
mals. It reproducibly induces both benign and malignant skin tumours in mice following 
topical application, bimiiarly, it produces skin tumours in rabbits following topical 
, Wlication. Topical application to the oral mucosa also produced an increased incidence 
j oflung tumours and lymphomas in mice. In rats, cigarette smoke condensate produced 
lung tumours after intrapulmonary injection, in initiation/promotion assays in mouse skin, 
a single topical application of cigarette smoke condensate followed by application of 
, j roton oil wa s sufficient to initiate both benign and malignant skin tumoure. Smoke con¬ 
densates of Indian bidi administered to mice by gavage were found to induce tumours in 
a number of organs. Collectively, these data provide evidence of the carcinogenic effect 
cf mainstream tobacco smoke in experimental animals. 

^ Other relevant data 

Causal associations have been clearly established between active smoking and 
Averse reproductive outcomes and numerous non-neoplastic diseases, including chronic 
obstructive pulmonary disease and cardiovascular diseases. 

Tobacco smoking is addictive, and nicotine has been established as the major addic- 
J»e constituent of tobacco products. Measurement of the nicotine metabolite, cotinine, in 
tttnan blood, urine or saliva provides a specific and sensitive test for exposure to tobacco 
s, »oke and can be used to distinguish active and passive smokers from nonsmokers, 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 





3006392584 


[ARC MONOGRAPHS VOLUME 83 


TOBACCO SMOKE 


1187 



Active smoking raises the concentrations of carbon monoxide, benzene and volatile ^' T 
organic compounds in exhaled ait. The concentrations of urinary metabolites of 3^* 
important tobacco smoke carcinogens and related compounds are consistentty.Mgbir: 
smokers than in nonsmokers. These include metabolites of benzene, a known cahruiogSi^eM 
in humans, as well as metabolites of several carcinogens that cause lung Wotireig||j| 
rodents. Covalent binding to blood proteins by carcinogens present in tobacco smoke 
been demonstrated to occur at significantly higher levels in smokers than in nonsmok'ets. 

The adducts are derived from various compounds including aromatic amines 
nobiphenyl), polycyclic aromatic hydrocarbons (e.g. benzo{a]pyrene), tobacco-speofic 
nitrosamines (e.g. 4 -(methyInitrosamino)-1 -( 3 -pyridyI)-1 -butanone), benzene, acrylamide 
and acrylonitrile. 

Smoking-related DNA adducts have been detected by a variety of analytical ntetho& { 
in the respiratory tract, urinary bladder, cervix and other tissues. In many studies tbe;I$i* 
of carcinogen-DNA adducts have been shown to be higher in tissues of smokers MTs , 
tissues of nonsmokers. Some but not all studies have demonstrated elevated levelsrof 
these adducts in the peripheral blood and in full-term placenta Smoking-relatedid(fittt ; : £3 
have also been detected in cardiovascular tissues. Collectively, the available biomarket 
data provide convincing evidence that carcinogen uptake, activation and binding to 
cellular macromolecules, including DNA, arc higher in smokers than in nonsmokers. 

The exposure of experimental animals, primarily rodents, to mainstream tol 
smoke results in a number of biological effects that include (i) increases or decreases it: 
activities of phase 1 and phase il enzymes involved in carcinogen metabolism, (ii) uv rviw;^. ; 
in the activation of antioxidant enzymes, (iii) increased expression of nitric oxide 'WiCivI:... : 
and of various protein kinases and collagenase, (iv) the formation of tobacco smok u hte^ 

DNA adducts in several tissues and (v) reduced clearance of particulate material 1 A •'■^-*. 3 = 

iu "g' 

Smoking is known to have inliibitory or inducing effects on the activities of _ 
enzymes in human tissues. These include xenobiotic metabolizing enzymes, whifelw^z 
drug and carcinogen metabolism. Numerous studies have reported effects on e, vir.ffi 
cells treated in culture with tobacco smoke or tobacco smoke condensates. 

In humans, smoking produces gene mutations and chromosomal abnormalities. Unite 
from smokers is mutagenic. Relative to nonsmokers, lung tumours of smokers contain - 
higher frequencies of TP5i and KRAS mutations, and the spectrum of mutations to 
unique features. Most of the genetic effects seen in smokers are also observed in cuhwrtd 
cells or in experimental animals exposed to tobacco smoke or smoke condensate. Tob aca jv vy 
smoke is genotoxic in humans and in experimental animals. '" 


5,5 Evaluation 

There is sufficient evidence in humans that tobacco smoking causes cancer of the 
lung, oral cavity, naso-, oro- and hypopharynx, nasal cavity and paranasal sinuses, larynx, 
oesophagus, stomach, pancreas, liver, kidney (body and pelvis), ureter, urinary bladder, 
uterine cervix and bone marrow {myeloid leukaemia). 

There is evidence suggesting luck of carcinogenicity of tobacco smoking in humans 
for cancers ot the female breast and endometrium. 

There is sufficient evidence in experimental animals for the carcinogenicity of 
tobacco smoke and tobacco smoke condensates. 

Overall evaluation 

Tobacco smoking and tobacco smoke are carcinogenic to humans (Group 1). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 






Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392585 




3006392586 


1. Composition, Exposure and Regulations 
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1.1 Composition 

1.1.1 Secondhand smoke 

During smoking of cigarettes, cigars, pipes and other tobacco products, in addition to 
the mainstream smoke drawn and inhaled by smokers, a stream of smoke is released 
between puffs into the air from the burning cone. Once released, this stream (also known 
as the sidestream smoke) is mixed with exhaled mainstream smoke as well as the air in an 
indoor environment to form the secondhand smoke to which both smokers and 
nonsmokers are exposed. A small additional contribution to the smoke issues from the up 
of the cigarette and through the cigarette paper during puffing and through the paper and 
from the mouth end of the cigarette between puffs (IARC, 1986; NRC, 1986; US E PA. 
1992). Thus, secondhand tobacco smoke is composed of aged exhaled mainstream smoke 
and diluted sidestream smoke. 

Secondhand tobacco smoke contains a variable proportion of exhaled mainstream 
smoke ranging from 1 to 43% (Baker & Proctor, 1990). Because of its rapid dilution and 
dispersion into the indoor environment, secondhand tobacco smoke acquires different 
physicochemical properties to those of mainstream smoke and sidestream smoke and the 
concentrations of the individual constituents ate decreased. The principal physical change 
is a decrease in the proportion of smoke constituents found in the particulate phase as 
opposed to the vapour phase of the smoke. The median particle size of secondhand 
tobacco smoke is subsequently smaller than that of the particles of mainstream smoke. 
The principal chemical change is in the composition (i.e. in the relative quantities of the 
individual constituents present); this is caused by differences in the ways in which 
individual constituents respond to ventilation and to contact with indoor surfaces. There 
is some indication that chemical transformation of reactive species also occurs. 

The effects of exposure to secondhand tobacco smoke, or involuntary (passive) 
smoking, cannot be estimated from any individual constituents. Secondhand tobacco 
smoke is actually a complex mixture, containing many compounds for which concen¬ 
trations can vary with time and environmental conditions. Cigarette smoking is the main 
source for involuntary exposure because it is by far the most prevalent form of tobacco 
smoking although specific patterns may differ between countries. Emissions of sidestream 
smoke in indoor environments with low ventilation rates can result in concentrations of 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 





1192 IARC MONOGRAPHS VOLUME 83 Tg 

toxic and carcinogenic agents above those generally encountered in ambient air in idSRB 
areas ([ARC, 1986; Jenkins eta!., 2000). 

Studies on the complex composition of secondhand tobacco smoke in ‘real woSe 
conditions have been limited partly because of the presence of additional sourcejfsSj 
secondhand smoke constituents. Therefore compositional and physical studies of 
hand tobacco smoke have often been performed in environmental chambers (also 
as a 'controlled experimental atmosphere’). The disadvantage of the controlled cap™ 
mental atmosphere is that it does not reflect real life situations. The studies 
chemical composition of secondhand tobacco smoke, either in a controlled experiroaHH 
atmosphere or in the fic]d, have been limited. This is mainly because there are stilljfjy 
standardized criteria for the development of experimental atmospheres that repeat; 
secondhand tobacco smoke (Jenkins et al, 2000). , ; 

Respirable suspended particles (only those particles that are small enough to reac|) tjjr 
lower airways of the human lung) can exist in many forms in indoor air; those icsul tmg.. 
from secondhand tobacco smoke are present in the form of liquid nr waxy dmilets 'TnSVi 
are smaller than the particles in mainstream smoke. The mass median dwmrMpEv 
mainstream smoke particles averages 0.35-0.40 pm. Gravimetric determination 
that the respirable suspended particles of secondhand tobacco smoke in typically encom- 
tered environments may comprise one-lhird of the respirable suspended particles in indoor 
air. However, in some environments, this fraction may be as much as two-thirds (Jenkins 

era/.,2000). _ ' : ■ 

Respirable suspended particle concentrations of 4091 pg/m 3 were measured ir. a 
experimental room in which 120 cigarettes were smoked during 9 hours in l.dty jffjfck 
evaluation of exposure to benzene and other toxic compounds (Adlkofer et 

Worldwide in indoor environments where people smoke, the mean levels of resjmSjp 
suspended particles ranged from 24 to 1947 pg/m 3 . Background levels of respirab lcl jp 3 
pended particles depend on many factors including local vehicular traffic pattem^quugfi 
of ventilation systems and the presence of other sources (e.g. cooking and wood- bumgra 
stoves). Comparisons between smoking and nonsmoking locations 
threefold higher concentrations of respirable suspended particles in smoking areaypi 
US EPA-proposed maximal level for fine particles in outdoor ambient air (65 
culate matter, that is 2.5 pm or smaller in size, for 24 h) is frequently exceeded in.Ww 
situations where people are smoking (Jenkins etal. 2000). 

Besides respirable suspended particles and nicotine (see Section 1,2), eaifxrn 
monoxide (CO) has been the most extensively studied constituent of secondhand tobacco 
smoke. The contemporary commercial cigarettes in the USA deliver approximate!?' 15 mg 
CO in mainstream smoke and an additional 50 mg in sidestream smoke (Jenkim-, ft A 
2000). In an indoor environment, CO concentrations are rapidly diluted. Tlie .tneww^- 
mean concentrations reported for CO in offices, other workplaces, functions and p®JjT 
gatherings, transportation, restaurants and cafeterias, bars and taverns w hcrt„fi§Stj 
smoke ranged from 0.2 to 33 ppm. The American Society of Heating, Refrig"*""’-- 
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Air-Conditioning Engineers (ASHRAE) Standard for CO concentration in indoor air is 
9 ppm (Jenkins etal, 200(1). 

The mean levels of nitric oxide (NO) in indoor areas were reported from not detected 
to 500 ppb and those of nitrogen dioxide (N0 2 ) from not detected to 76 ppb {Jenkins 
etal, 2000 ). 

There are a number of studies that have addressed the composition of secondhand 
tobacco smoke beyond the ‘common’ constituents such as nicotine, CO and respirable 
suspended particles. A few of these are shown in Table 1.1 (Eatough et a!., 1989; Ldfroth 
etal 1989; Higgins etal., 1990; Lofroth, 1993; Martin etal., 1997). The’focus’of these 
studies was primarily on vapour-phase constituents. Vapour phase represents the bulk of 
^ the mass of secondhand tobacco smoke whereas the respirable suspended particle-related 
| constituents are present at very low concentrations that are very difficult to quantify. For 
1 example, if the levels of respirable suspended particles are in the range of 20 to 
1 - IN® Vg/m 5 , constituents of the particulate phase present at concentrations of 1-100 ppm 
3 ia lllf P art ’ c l es themselves will be present at airborne concentrations from 20 pg/m-’ to; 
T I00ng/m . These are very low concentrations for detection by any sampling and analysis r 
A method (Jenkins et a!., 2000). | 

1 As can be seen from the data in Table 1.1, the field studies show considerable' 
i variation in the measured levels of constituents of secondhand tobacco smoke. Similar 
’ concentrations of benzene and isoprene lo those shown in Table 1.1 were reported in a 
q smoke-filled bar (from 26 to 36 ng/m' and SO—106 jug/m 3 , respectively), although the 
. D3C0I ’ rK ^ eve l s were muc h l° wer (22 pg/m 3 ). The concentration of 1,3-butadiene 
measured in the smoke-filled bar was from 2.7 to 4,5 pg/m 3 (Brunhemann et al, 1990) I 
In a field study of 25 homes of smokers, Heavner etal (1995) estimated that the median ' 
fiaction of benzene contributed by secondhand tobacco smoke was 13% (ranging from 0 
to 63%). 

In a study of six homes of smokers, secondhand tobacco smoke was found to make a 
substantial contribution to the concentrations of 1,3-butadiene (Kim et al., 2001). 

1 The levels of carbonyl compounds measured in an experimental room under extre- 
| irely high concentrations of secondhand tobacco smoke (Adlkofer et al, 1990) were: 

■ formaldehyde, 49ftg/m 3 ; acetaldehyde, 1390 ug/m 3 and propionaldehyde; 120jtg/m 3 . 

• The concentrations of other constituents of secondhand tobacco smoke were: nicotine, 

. 71 Jlg/tn’; benzene, 206 ugw; benzo(a]pyrene. 26.7 ng/m 3 , pyrene. 25 ng/m 3 and chry- 
? sue, 70.5 ng/m’. 

| Benzo[n]pyrene was also detected in natural environments containing secondhand 

I tobacco smoke, with concentrations ranging from not detected to 3.6 ng/m 3 (or up to 3,35 
ng/m 3 when the background concentration was subtracted) (Jenkins et al, 2000). Trace 
levels of some-other polycyclic aromatic hydrocarbons (PAHs; such as naphthalene, 
tfitysene, anthracene, phenanthrene and benzofluoranthenes) were also reported. The 
^pour-phase 2- to 3-ring PAHs predominate quantitatively over the higher-ring system 
PAHs. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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The levels of A'-nitrosodimethylamine (NDMA) measured in the field (e.g. in work¬ 
rooms, conference rooms, restaurants and bars where people smoked) ranged from less 
than 10 ng/m 3 to 240 ng/m 3 (Jenkins et al., 2000). In unventilaied offices in which 11-18 
cigarettes were smoked during a 2-h penod, up to 8.6 ng/m ! A-nitrosodiethylamme 
(NDEA) and up to 13 ng/m 3 jV-nitrosopyrrolidine (NPYR) were measured. 

The iV'-nitrosonomicotine (NNN) concentrations measured in a poorly ventilated 
office where heavy smoking of cigarettes, cigars and pipes took place tanged from not 
detected to 6 ng/'m 3 and those of4-(methyliutrosamino)-l-(3-pyridyl)-l-butanone (NNK) 
from not delected to 13.5 ng/m 3 (Klus et al, 1992). The upper levels reported by Klus 
etal. (1992) and by Adlkofer et al (1990) for the ‘heavily smoked rooms'(11 cigarettes 
smoked in 2 h in a 84 m 2 office) were somewhat lower titan those measured by Bnmne- 
tnann et al. (1992): NNN concentrations ranged from not detected to 22.8 ng/m 3 and NNK 
concentrations between 1.4 and 29.3 ng/m 3 , measured inside bars, restaurants, trains, and 
a car, an office and a smoker’s home (Brunnemann etal, 1992). 

The effects of cigar smoking on indoor levels of CO, respirable suspended particles 
and particle-bound PAH particles were investigated in an office where several brands of 
cigar were machine smoked, in a residence where two cigars were smoked hy a person 
and at cigar social events where up to 18 cigars were smoked at a time. The average 
concentrations of CO at cigar social events were comparable with, or larger than, those 
measured on a main road during rush-hour traffic. A mass balance model developed for 
predicting secondhand tobacco smoke was used in this study to obtain €0, respirable 
suspended particle and PAH emission. These factors show that cigars can be a stronger 
source of CO than cigarettes. In contrast, cigars may have lower emissions of respirable 
suspended particles and PAHs per gram of tobacco consumed than cigarettes, but the 
greater size and longer smoking time of a single cigar results in greater total respirable 
suspended particle and PAH emission than from a single cigarette (Kicpcis et al, 1999). 
Nelson et al. (1997) tested six brands of cigar and the yields of respirable suspended 
particles averaged 52 mg/cigar. Yields of CO, nitric oxide (NO) and nitrogen dioxide 
(NOj) averaged 32,10.5 and 2.1 mg/rigar, respectively, and that of volatile organic com¬ 
pounds (VOC) (analysed with gas chromatograph-flame ionization detection (FID)) was 
estimated to be 340 mg/cigar (propane equivalent). Ratios of secondhand tobacco smoke 
respirable suspended particles to the surrogate standards for the particulate markers ultra¬ 
violet particulate matter (UVPM) and fluorescent particulate matter (FPM) were 6.5 and 
27.8, respectively. Another particulate marker, solanesol, made up 2.1 % of die particles 
from cigars. For the two gas-phase markers, the ratio of 3-ethenyl pyridine to other gas- 
phase species was more consistent than ratios involving nicotine. 

The comparative analysis of the composition of secondhand tobacco smoke from 
Eclipse (a cigarette that primarily heats tobacco rather than burning it) and from four 
commercial cigarettes with a wide range of Federal Trade Commission (FTC) yields is 
shown in Table 1.2 (Bombick et al, 1998), Eclipse contributed similar amounts of CO to 
secondhand tobacco smoke to those contributed by burning-tobacco cigarettes but contri¬ 
buted 86-90% less respirable suspended panicles. Commercial cigarettes, however, 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1.2. Mean concentrations (in pg/m } ) of selected components of T 
secondhand smoke of four commercial cigarette brands and Eclipse 1 '' | 
measured in a chamber with a controlled experimental atmosphere d* ?• J 


Constituent 

Full- 

flavour 

brand 

Full- . 

flavour 

light 

100-rant 
brand ■ 

_ Ultra¬ 
light 

EclipaU": | 

Respirable suspended particles 

1458 

1345 

1706 

1184 

181' ** 1 

Nicotine 

54 

63 

58 

51 

4 .r 1 

CO (ppm) 

6.5 

6.2 

7.9 

6.6 

5.2 , 

3-Ethcnylpyridine 

25 

28 

28 

34 

0.56 

Acetaldehyde 

313 

301 

384 

312 

46 * 

Phenol 

17.4 

16.7 

20.0 

16.8 

4 / ] 

NO, (ppb) 

24! 

233 

268 

250 

w')/ ' ; j 

l otal hydrocarbons 6 

2.6 

2.6 

3.0 

2.8 

” 0 . 47 ; ■ • j 


From Bombick <;f o/. (1998) 

11 A cigarette that primarily heats (rather than bums) tobacco 
h Analysed with uas chrotnatograph-flame ionizing detector fppm) 


contributed a similar amount of constituents to secondhand tobacco smoke, regardless of 
their ranking on the FTC scale. 


1.1.2 Exhaled mainstream smoke 

Baker and Proctor (1990) estimated that exhaled mainstream smoke .copfr'yifj^ j 
3-11% of CO, 15^13% of particles and 1-9% of nicotine to secondhand tobaccos) J 
Non-inhaling smokers can contribute larger amounts. There is little information prfsoff * 

much exhaled mainstream smoke contributes to the overall composition of secondjiaijjj ^ 

tobacco smoke except that the contribution to the particulate .phase is more .signifies) 
than that lo the vapour phase (see monograph on tobacco smoke/Section 4—btet 
compounds). 


1.1.3 Sidestream smoke ' - 

The composition of cigarette sidestream smoke is similar to that of main* • - 
smoke. However, the relative quantities of many of the individual constituent m li.jjgf' / A 
stream smoke are different from those found in mainstream smoke. Also, the ste- M’jk 
quantities of most of the constituents released in sidestream smoke differ from those Job? J 
vered in mainstream smoke (Jenkins et al,, 2000). 

Like mainstream cigarette smoke, sidestream smoke contains many 
are emitted as gases and particles. The distinction between particle ar 
constituents is appropriate for those constituents that are non-volatile l 



cular-weight organic compounds and most metals) and those that are clearly gases 
(e.g. CO). Constituents with appreciable vapour pressure (i.e. most of the constituents of 
tobacco smoke) can be found in both the particulate phase and the vapour phase of ciga¬ 
rette smoke. The teim ‘semivoiatiles’ has been used to describe such constituents. The 
degree to which these compounds are distributed between the particle and vapour phases 
is determined by their volatility (and stability) and the characteristics of their environ¬ 
ment. These constituents are distributed preferentially in the particulate phase in highly 
concentrated smokes, such as those inhaled by smokers, and preferentially in the particle 
and vapour phases in highly diluted smokes, such as those encountered by involuntary 
smokers. The phase distribution andlle ultimate fate of any given constituent released 
into the ambient environment is likely to differ depending upon ambient conditions and 
upon the chemical or physical properties of that constituent. 

The manner in which cigarettes are smoked greatly influences their mainstream deli¬ 
very and sidestream emissions. For the different machine-smoking protocols referred to 
in this monograph, see Table 1.9 in the monograph on tobacco smoke. Particulate matter 
that is released in mainstream smoke during active smoking enters the respiratory tract 
largely intact, whereas the particulate matter in sidestream smoke is available for 
inhalation only after dilution in ambient air and after the physical and chemical changes 
that occurred during that dilution. However, conventional analysis of sidestream smoke 
provides only information on the quantities of individual smoke constituents released into 
the air. Moreover, the methods for analysis of sidestream smoke are not as well defined 
as those for mainstream smoke (Jenkins et a!., 2000). 

As they leave the cigarette, sidestream smoke particles are initially slightly smaller 
than mainstream smoke particles (geometric mean diameter, 0.1 jam versus 0.18 pm; 
Guerin et al., 1987). The natural dissipation rates of sidestream smoke particles dispersed 
in an experimental chamber were studied from the standpoint of a static atmosphere and 
were expressed as half-lives of residence in the air. The half-lives for panicles with 
diameters less than 0.3 pm, 0.3-0.5 pm and 0.5-1 pm were found to be 25.5,12.8 and 
4.9 h, respectively. Total particulate matter decreased by half over 6.2 h (Vu Due & 
Huynh, 1987). However in real-life situations the ageing of sidestream smoke over 
several minutes may lead to an increase in particle size of secondhand tobacco smoke due 
® the coagulation of particles and the removal of smaller particles that attach to surfaces 
in the environment. Sidestream smoke is produced at generally lower temperatures and 
with a very different oxygen flux to that of mainstream smoke. 

The ratio of sidestream smoke lo mainstream smoke is customarily used to express 
die distribution of individual constituents between the two smoke matrices. The distri¬ 
bution of specific components is dependent on their mechanism of formation. Higher 
ratios of sidestream smoke to mainstream smoke between cigarettes or smoking condi- 
tons generally reflect a lower mainstream smoke delivery with no significant change in 
5| destream smoke delivery. Under similar smoking conditions, filter-tipped cigarettes will 
tave lower mainstream smoke yields than their untipped analogues, Sidestream smoke 
Mds will not vary greatly, because they reflect the weight of tobacco burned during 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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smouldering. In general, more tobacco is burned during smouldering than during ptifiiijSJ-.e 

(Guerin etaL, 1987). _ 

Adams et al. (1987) reported that sidestream smoke contains more alkali* a*; . 
neutral compounds than mainstream smoke (the pH .of the sidestream smoke ofcigatatab^ 
with a wide range of FTC yields averaged 7.5 [72-7.7], whereas the pH of tnainsii^g.. 
smoke averaged 6.1 [6.0-6.3]). The differences are due to temperature during bunting® ;' 
mechanisms of chemical transfer (release) from unbumed tobacco. 

Many constituents of sidestream smoke belong to chemical classes known to be 
toxic and carcinogenic. These include the IARC group 1 carcinogens benzene, cadmium. 

2-aminonaphthaleae, nickel, chromium, arsenic and 4-aminobiphenyl; the IARC.gmif 
2A carcinogens formaldehyde, 1,3-butadiene and benzo[a]pyrene; and the IARC group 
2B carcinogens acetaldehyde, isoprene, catechol, acrylonitrile, styrene, NNK, NNN and 
lead among others. ~*'uv<v ; 

Adams et al. (1987) determined the levels of selected toxic and carcinogenic agents 
in the mainstream and sidestream smoke of four different types of US commercial ciga¬ 
rette brands - unripped and filter-tipped — with a wide range of FTC yields.. In ttd* , 
study, smoke was generated by a machine using the standard FTC method. The concen¬ 
trations of all auenis except NNN were higher in the sidestream than in the mainstream 
smoke of both'untipped and filter-tipped brands. The tar yields in sidestream smoke 
ranged from 14 to 24 mg per cigarette (similar to the range reported by Ramsey etaL 
1990) and were, on average, 5.3 times higher than those in mainstream smoke, .The 
highest sidestream smoke/mainstream smoke ratio for tar was calculated for ultra to* 
yield cigarettes (ratio, 15.7) and the lowest for unlipped cigarettes (ratio, 1.12). The 
mainstream smoke yields are strongly affected by variables that only slightly affect side¬ 
stream smoke yields (Guerin et a!., 1987). The ratios of sidestream smoke ta’ins&sMjj , 
smoke for nicotine, CO and NNK for the ultra low-yield brand were 21.1,14.9 audios- f 
respectively. The highest emissions of nicotine, NNK and NNN were measured in the 
sidestream smoke of untipped cigarettes (4.62 mg, 1444 ng and 857 ng, respectively)^. . 
mainstream smoke, these values were 2.04 mg, 425 ng and 1007 ng.-respectively^- 
levels of volatile ,V-nim»ainines in sidestream smoke greatly exceeded those measured ltt 
mainstream smoke (e.g. 735 ng versus 31.! ng NDMA per untipped cigarette and 685 ng 
versus 4.1 ng NDMA for ventilated filter-tipped cigarettes; average ratio, 95). The average 
ratio of sidestream smoke to mainstream smoke for the carcinogen NPYR was !0. The 
authors concluded that the availability of cigarettes with greatly reduced amounts CJ 
carcinogens in mainstream smoke had little bearing on the emissions of carcinogen ^ 

sidestream smoke. , nmo- 

Chortyk and Schlotzhauer (1989) compared the emissions of various smoke co P 
nents for 19 low-yield brands of filter-tipped cigarettes with those measured forj « 
rence high-yield untipped brand. It was found that low-yield cigarettes 
quantities of tar in sidestream smoke, about equal to that of the high-yield ci ^ c;x J| 
an equal weight basis, the low tar cigarettes emitted more of these hazardous compo .^ 
into sidestream and secondhand smoke than did the high-tar cigarette. 
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The yields of various constituents of sidestream smoke of 15 Canadian cigarette 
brands measured using the FTC machine-smoking protocol with the exception that 
cigarettes were smoked to a butt length of 30 mm, ranged as follows: tar, from 15.8 to 
29.3 mg per cigarette in non-ventilated brands and from 24.2 mg to 36.0 mg in ventilated 
brands; nicotine, from 2.7 mg to 4.6 mg in non-ventilated brands and 3.0 mg to 6.1 mg in 
ventilated brands, and CO, from 40.5 mg to 67.3 mg in non-ventilated brands and 46.5 mg 
to 63.1 mg in ventilated brands. Yields in sidestream smoke were much higher than those 
jn mainstream smoke for all brands tested. The average ratios for sidestream smoke to 
mainstream smoke were 3.5, 6.6 and 6.8 for tar, nicotine and CO, respectively. The 
highest yields from sidestream smoke were-obtained from the brands with the lowest 
mainstream smoke yields (Rickert et a!., 1984). The concentrations of carbon monoxide 
is the sidestream smoke in the Canadian cigarettes were higher than those reported for 
four different types of American blend cigarettes smoked according to the FTC protocol 
(Adams et al., 1987). Differences in the tobacco blend may be one explanation for this 
discrepancy and Canadian cigarettes are made predominantly from flue-cured tobacco. 

The average yields of total particulate matter and nicotine in sidestream smoke 
generated by the machine-smoking of two cigarette brands that are popular among 
smokers in India (one filter-tipped and one untipped) were 16.51 and 0.9 mg per cigarette, 
respectively (Pakhale & Mam. 1998). In ihe sidestream smoke from bidis, these concen¬ 
trations were 5.5 mg total particulate matter and 0.25 mg nicotine. The sidestream smoke 
released from chutlas contained 19.8 mg total paniculate matter and 2.07 mg nicotine per 
unit. In all Indian products, the emissions of total particulate matter were much higher in 
mainstream smoke than in sidestream smoke, which is demonstrated clearly by the ratio 
of sidestream smoke to mainstream smoke which ranged from 0.13 to 0.49 (see also the 
monograph on tobacco smoke, Section 1.2.7). This is a modified, more intensive smoking 
standard (two puffs per minute instead of one) used because of the poor burning 
properties of the tobacco in Indian products. 

In the 1999 Massachusetts Benchmark Study (Borgerding et a!., 2000), a subset of 12 
Strands was analysed for the chemical composition of the sidestream smoke that was 
§enerated by machine-smoking using the ‘more intense’ Massachusetts method. The data 
obtained are summarized in Table 1.3. The concentrations of the constituents of the side- 
stream smoke determined in this study differed significantly from those obtained using 
fie standard FTC method that had been reported by Adams et al. (1987): the yields of CO, 
ammonia and benzo[a]pyrene were higher, those of tar and catechol were of the same 
'Jrder of magnitude and those of NNN and NNK were significantly lower. NNN and NNK 
kvels were even lower than those measured in the mainstream smoke generated by the 
*tme intense machine-smoking method. The values obtained by the Massachusetts Study 
for some gaseous compounds such as 1,3-butadiene, acrolein, isoprene, benzene and 
toluene were also far below those obtained by machine-smoking using the FTC method 
(Brunncmann et al„ 1990; Table 1.4). For the 12 commercial cigarette brands tested by 
•he Massachusetts puffing parameters, the highest median sidestream smoke/mainstream 
!| noke ratios in the Massachusetts study were obtained for ammonia (ratio, 147), 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 1.3. Average values of 44 smoke constituents in the , 

sidestream smoke of 12 commercial cigarette brands assayed 
in the 1999 Massachusetts Benchmark Study using Massa- j 

chusetts smoking parameters ■ ’ - r: - - -j 


Constituent 

Unit 

Range 

SS/MS 

ratio* 

-"■■nr 

■ - 

'3 

i 

Ammonia 

mg/cig. 

4.0-6.6 

147 

1 ' ' /V.. 

4 

1-Aminonaphthalene 

ng/cig. 

165.8-273.9 

7.10 


5 

2-Aminonaphthalene 

ng/cig. 

H3.5-I7l.fi 

8.83 ■ 



3-Aminobiphenyl 

ng/cfg. 

28.IW2.2 

10.83 


•f 

4-Aminobiphenyl 

ng/cig. 

20.8-31.8 

5.41 


f 

Benzo(a]pyrene 

ng/cig. 

51.8-94.5 

3.22 ■ 


it 

Formaldehyde 

(Xg/cig. 

540.4-967.5 

14.78 


i 

Acetaldehyde 

gig/cig. 

1683.7- 2586.S 

1.31 

. * 

• ; 

Acetone 

Mg/cig. 

811.3-1204.8 

1.52 


i 

Acrolein 

Mg/cig- 

342.1-522.7 

2.53 . 


, . 

Propionaldehvde 

Hg/cig. 

151.8-267.6 

1.06 



Crotonaldehydc 

Ua/cig. 

62.2-121.8 

1.95 



Metitvl ethyl ketone 

Usj/diz. 

1840-332.6 

1.49 



Bur.Taldehyde 

lin'd £. 

138.0-244.9 

2.68 



Hydrogen cyanide 

rrg/dg. 

0.19-0.35 

0.77 



Mercury 

im'cig. 

5.2-13.7 

1.09 



Nickel 

ng/cig. 

ND-NQ 


: '.w 

Vi 

Chromium 

ng/cig. 

ND-ND 



"3 

Cadmium 

na/cig. 

122-265 

1.47 



Arsenic 

ng/cig. 

3.5-26.5 

1.51 


i 

Selenium 

ng/cig. 

ND-ND 

. 4 


-4 

Lead 

ng/cig. 

27-6.6 

0.09 . 1 

. . . . vl 

% 

Nitric oxide 

mg/cig. 

1 .0-1.6 

2.79 ' 


r i 

Carbon monoxide 

mg/cig. 

31.5-54.1 

1.87 

> . 

7 

‘Tar’ 

mg/cig. 

10.5-34.4 

0.91 



Nicotine 

mg/cig. 

1:9-5.3 

2.31 



Pyridine 

Mg'cig. 

195.7-320.7 

16.08 



Quinoline 

its/cig. 

9.0-20.5 

12.09 



Phenol 

U’i'ci”. 

121.3-323.8 

9.01 



Catechol 

Un/ci". 

64.5-107,0 

0.85 



Hydroquinone 

Mg/cig. 

49.8-134.1 

0.94 



Resorcinol 

M&'cig- 

ND—5.1 




mew-Crcsol + pnru-Cresol 

Mg/cig. 

40.9-113.2 

4.36 



ott/w-Cresol 

Mg/cig. 

12.4-45.9 

4.15' 



NNN 

nti/cic. 

69.8-115.2 

0.43 

■ . 


NNK 

ng/cig. 

50.7-95.7 

0.40 



NAT 

ng/cig. 

38.4-73.4 

0.26 



NAB 

ng/cig. 

It.9-17.8 

055 ; 


* 

1,3-Butadienc 

Mg/cig. 

81.3-134.7 

1.30 

-Vi# 



Table 1J (contd) 


Constituent 

Unit 

Range 

SS/MS 

ratio 1 

Isoprene 

Mg/cig. 

743.2-1162.8 

1.33 

Acrylonitrile 

Mg/cig. 

24.1-43.9 

1.27 

Benzene 

Mg/cig. 

70.7-134.3 

1.07 

Toluene 

Mg/cig. 

134.9-238.6 

1.27 

Styrene 

Mg/cig. 

23.2-46.1 

2.60 


From Borgerding e! al, (2000) 

SS, sidestream smoke; MS, mainstream smoke; NNN, iV’-nitrosonomicotrae; 
NNK, 4-(iV'nitrosomethylamino)-l-(3-pyrtdyl)-l-butanone: NAT, V-nitroso- 
anatabine; NAB, iV’-nitrosoanabasine; ND, not detected; limit of detection for 
chromium, 8 ng'cigarette; for selenium, 5 ng/cigarette; for resorcinol, 
0.6 p&'cigarette; for nickel. 6.8 ng/cigarette; NO, not quantifiable; limit of 
quantification for nickel, 10 ng/cigarette 

'.Median value for the sidestream/mainstream smoke ratios for the 12 commer¬ 
cial cigarette brands 
6 Reported together 


Table 1.4. Concentrations of selected gas-phase compounds 
in sidestream smoke of commercial cigarettes 


Compound 

Federal Trade 
Commission method 
(Adams el al, 1987; 
Brunnemann ei al., 
1990) 

1999 Massachusetts 
Benchmark. Study 
(Borgerding et al., 
20011) 

NNN (ng/cig.) 

185-857 

70-115 

NNK (ng'cii;,) 

386-1444 

51-96 

I.3-Buiadiene (Mg/cig.) 

205-250' 

81-135 

Acrolein (jig/cig.) 

723-1000 

342-523 

Isoprene (Mg/cig ) 

4380-6450 

743-1163 

Benzene (Mg/cig.) 

345-529 

71 -134 

Toluene (jig/tig.) 

758-1060 

135-239 


NNN, A'-nitrosonomicotine; NNK, 4-fiV-nitrosoniethylaminoH-(3-pyn- 
dyl)-l-butanone) 

'400 |lg 1,3-butadiene measured in the sidestream smoke collected after 
emission into an environmental chamber (Lafroth, 1989) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1.5. Yields uf IARC carcinogens in regular-stzed Canadian cigarettes. Comparison of Internationt] 
Organizalion for Standardization (ISO) 1 and HeaEtb Canada (HC)“ machine-smoking parameters' 


4 

4 

1 Table 1.5, (contd) 

i 


Compound 

ISO smoking pararntitu 





4 HC smoking parameters 









Regular 

(full 

flavour) 

Light 

Extra 

light 

Ultra 

tight 

ISO/ISO 

regular/ 

light 

ISO/ISG 
regular/ 
extra light 

* IS0/1S(' 

ultra | .•*( •/_ 

3 

. Regular 

3 (fun 

» flavour) 

Light 

Extra 

light 

Ufa 

light 

HC/HC 

regular/ 

light 

HC/HC 

regular/ 

• extra light 

HC/HC 
regular^ 
ultra light 

. HC/ISO HC/ISO 
Regular Light 

HC/ISO 

Extra 

light 

HC/ISO 

Ultra 

light 

IARC Group 1 carcinogens 








■4 











Benzene {[ig/ug.) 

222.0 

250.0 

260.0 

296.0* 

0.9 

0.9 

0.8* 

4 m 

140.0 

141.0 

158.0 

0.7 

0.7 

0.6 

0.4 

06 

0,5 

0,5* 

Cadmium (n^'cig.) 

438.0 

484.0 

5020* 

627.0* 

09 

0.9* 

07* 

3 256 0 

276.0 

2810 

355.0 

0.9 

0.9 

0.7 

0.6 

0.6 

0.5* 

0.5* 

2-Ammoruipththalene (ngfoig) 

157.0 

1470 

175.0 

184.0 

1.1 

0.9 

0.8 

'i 113.0 

71.1 

112.0 

102.0 

1.6 

1.0 

1.! 

0.7 

0.5 

0.6 

0.5 


34.3 

4S.I 

74.4' 

73.0* 

0.8 

0.5* 

0.5 4 

17.6 

49.3 

35.5 

m —o.4 

0.5 

0.5 

0.5 

1 | 



Chromium (ngfag.) 

61.0 

62.0 

121* 

82.9* 

1.0 

0.5' 

0.7* 

.* 47. [ 

57.2 

54.6 

694 

08 

0.9 

0.7 

0.8 

0.9 

0.5* 

0.8* 

Arsenic (ng^cig.) 

ND 

NO 

ND 

W 




ND 

ND 

ND 

ND 








4-Aminobiphenyl (ngteig.) 

22.1 

19.3 

21.0 

21.2 

1.1 

U 

1.0 

.* 16.3 

12.5 

17.2 

15.1 

:-.3 

0.9 

l.l 

0.7 

0.6 

0.8 

0.7 

IARC Group 2A carcinogens 



















Fucmaltkhyde (jig/cig.) 

378.0 

326.0 

414.0 

431,0 

1.2 

0.9 

0,9 

5 3:i.o 

208.0 

256.0 

327.0 

1.5 

1.2 

1.0 

0.8 

0.6 

0.6 

0.8 

l.j-Butadiene (ng/tig.) 

196.0 

185.0 

264.0 

2990 

1.1 

U.7 

0.7 

A I20.U 

109.0 

168.0 

175.0 

l.l 

0.7 

0.7 

0.6 

0.6 

0.6 

0.6 

Be nzo[w] pyicnc ing/cig.) 


9U 

92.2 

113.0 

0.5 

0.5 

0.4 

* 31.9 

39.5 

412 

44.0 

0.8 

U 

0.7 

0.7 

0.4 

0.4 

0.4 

IARC Group 2Bcarcinogens 



















Acetaldehyde (fig/tig.) 

I4I6.C 

1454-0 

1449.0 

1492.0 

1.0 

1.0 

0.9 

\ 1 '4.0 

969.0 

10790 

1277.0 

! 2 

l.l 

0,9 

0.8 

0.7 

0.7 

0.9 

Isoprene ing't'ig, I 

W ).u 

1164.0 

1060.0 

1172.0 

0.9 

t.o 

0.9 

525.0 

St 8.0 

763.1) 

85X.D 

0.6 

0.7 

0.6 

0.5 

0.7 

0.7 

0.7 

C itselwl (jig/eig) 

VM 

ir.o 

149.0 

148.0 

l.l 

0.9 

0.9 

KAO 

82.0 

96. i 

ifJ90 

1.3 

l.l 

1.0 

0,5 

0.7 

0.6 

0.7 

AtNuniiriletiig'erg.; 

*8.6 

85.6 

74.1 

81.3 

O.o 




50. i 

47,b 

51.4 

0.8 

0.9 

0.8 

0.5 

0.6 

i;.o 

0.6 

Styrene (jig.'cig.) 

74.0 

84.7 

87.5 

1(18.0* 

0.9 

0.8 

0.7* 

38. ■ 

61.(3 

5fl.X 

$5.6 

0.6 

0.8 

0.7 

0.5 

0.7 

0.6 

0.5* 

NVK inivoit!..) 

95.2 

153.4 

38.3 

34-7 

0.6 

2.5 

2.7 

69.8 

116.5 

65.6 

89.9 

0.6 

r.i 

O.S 

0.7 

iU 

1.7 


SXNUBtis.) 

23J 

53.9 

43.7 

45.2 

0.4 

0.5 

0.5 

19.3 

37.X 

24.3 

30.1 

0,5 

0.8 

0.6 

0.8 

0.7 

0.6 

0.7 

Uad (ngfeig) 

54.8 

19.4 

22J 

18.5 

1.4 

2.5 

3.0 

■ 4 m 

30.1 

27.0 

24.3 

1.3 

1.5 

1.6 

0.7 

0.8 

12 

U 

. ^ --- 


Source: Government of British Columbia (2003) " 

NNN, .V-nilrusonOmiCOtine: NNK, 4-(.V-riitrosomEihylaniiro)- KJ-pyndy 1 )-] -buianone; ND, not deiccuble, NQ, not qumiifiabk 

’ISO smoking parameter?: 35 ml pulTin? see. imtrval 60scc, ventilation holes not blocked , £ 

* KC: Health Canada smoking yarametere: 56 mLpuff in2s«, interval 26 sec, ventilation holes fully blocked ^'"2 

c Repotting period: year 1999 v-‘.V; Si 

* Changed according to personal communication with B. Beech, Health Canada 

3-amitiobipUcnyl (ratio, 10.8), formaldehyde (ratio, 14.8), pyridine (ratio, 16.1) and quk— jj 
noline (ratio, 12.1). 

Often, conflicting results concerning the phase distribution of individual constituents 
and poor agreement between laboratories for quantitation of sidestream emissions art 
attributed to different methods used for smoke generation and collection. , 

Table 1.5 shows the yields oflARC carcinogens in sidestream smoke generated under 
standard International Organization for Standardization (ISO) and the more intense Heal 
Canada methods, of four popular regular-size Canadian cigarette brands. ■ . 1 jf 

Ott the basis of their mainstream smoke tar yields as measured by the ISOJtTC ^ 
machine-smoking method, the four cigarette brands may be classified as ‘foil flavor > J 

ffight’, ‘extra light’ and ‘ultra light’. British Columbia has established the Tobacco , 
and Disclosure Regulation and became the first jurisdiction in the world to requite p * 
dian tobacco manufacturers to disclose on a brand-by-brand basis the contents oft!f*j 
rettes and tobacco and the levels of potentially toxic chemicals in tobacco smoke. - 


Among the 44 smoke components reported by the manufacturers on a yearly basis, 
there are seven LARC group 1 carcinogens (benzene, cadmium, 2-aminonaphthalene, 
nickel, chromium, arsenic and 4-aminobiphenyl), three lARC group 2A carcinogens 
(formaldehyde, 1,3-buiadiene and benzo[a]pyrene) and eight lARC group 2B carcinogens 
(acetaldehyde, isoprene, catechol, acrylonitrile, styrene, NNK, NNN and lead). 

Of the seven IARC group 1 carcinogens, arsenic yields in sidestream smoke were 
Mow the detection limits of both the ISO and Healtli Canada smoking methods, lit 
seneral. yields of the six other IARC group 1 carcinogens in sidestream smoke were 
hgher when measured by the ISO than by the Health Canada smoking method. The ISO 
and Health Canada methods gave similar yields for nickel and chromium in the ‘light’ 
C| garette and for chromium in the ‘ultra light’ cigarette. 

For most IARC group 2A and 2B carcinogens, the yields in sidestream smoke 
jneasured by the Health Canada method were 40-80% of corresponding yields measured 
Jy the ISO method. Exceptionally, for NNK and lead the yields measured by the Health 
Canada method were higher than the yields measured by the ISO method, but only for the 
extTa l *S ht ’ 3,111 ‘ ultra light’ brands. The yields of NNK. measured by the Health Canada 
method were up to 2.6-fold higher than the yields measured by the ISO method (Govern¬ 
ment of British Columbia, 2003). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1.5 also allows comparisons of sidestream smoke yields between -the 
i There is no significant difference between the total sidestream smoke yields ot 
]roup l carcinogens of’full flavour’ and ‘light’, extra light and ultra light.cigSi«3^M 

■ , measured by either the ISO or Health Canada methods..~~2~ : 

.* The data in Tables U and 1.5 suggest that during more intense smoking (as 
by the Massachusetts and Health Canada methods; i.e. larger pu3sT&®iterll3sSi 
j between puffs and partial or complete blockage of ventilation holes), smaller "quantlljSp'^J 
: tobacco are burned during the smouldering of the cigarette, thus affecting the J 

i of toxins in sidestream smoke, Therefore, the real-life contribution dfs'idest^H8^| 

to the overall concentrations of selected components of secondhand tobacco 
have been overestimated in the past because most smokers draw smoke from tljeir an- ' ^ 

rettes with an intensity more similar to that of the Massachusetts or Health '..'mjfc j 

methods than the FTC machine-smoking method (Djordjevic et a!., 2000). This ciffip ‘ 
needs to be investigated more thoroughly, especially in view of the finding i 
increase in puff volume from 17.5 mL to 50 mL and in filter ventilation from O to^V' 3 
failed to reduce the levels of tar, CO and nicotine in the sidestream smoke,; wberea$ji£ ^ 
yields in mainstream smoke and subsequently the ratios of sidestream smoke tb’ranfr~ - 
stream smoke changed significantly (Guerin et a!., 1987), 

In addition to the constituents listed in Table 1,8, some further constituents have been 
quantified in sidestream smoke since the publication of the 1986 IARC Monograph, These 
are NDVIA (up to 735 ng per cigarette), A-nitrosopiperiditie (NP1P, 19.8 ng) and NPYR 
(up to 234 ng) (Adams et a/., 1987); and volatile hydrocarbons, e.g. ethene up to 1200 Jl&x igj 
propene up to 1300 |ig, butenes up to 900 pg and pentenes up to 2100 pg. The sidcitren 63 
smoke emissions of various unsaturated gaseous hydrocarbons were 3-30 times those ’f 
reported for the mainstream smoke emissions. These compounds constitute a potential^ I 
healtli risk as they are metabolized in vivo to reactive genotoxic epoxides (Lofroth fibCT-Ji 
1987; Lofroth, 1989}, High-molecular-weight n-alkanes (C 27 [66-86,5 pg percigartftfi •" ^ 
C» [28-39 pg per cigarette] C 3] [148-197 pg per cigarette], C 33 [43,5-62 pc pet clg* | 
rette]) were also quantified in the sidestream smoke of commercial cigarettes J ( B atff!ey J 
etai, 1990), 7 

The co-mutagenic beta-carbofines, norharman and harman, were quantified in the 
sidestream smoke condensates of some Japanese cigarette brands. The concentrations per 
cigarette were 4.1-9.0 pg for norharman and 2.1-3.0 pg for harman (Totsuka el ul., 1999)- 


1.2 Exposure , : 

Exposure to secondhand smoke can take place in any of the environments'whae- ; 
people spend time. A useful conceptual framework for considering exposure to ‘.ecotii- I 
hand smoke is offered by the microenvironmental model that describes personal.exp^, | 
to secondhand smoke as the weighted sum of the concentrations of secondhand smote® j 
the microenvironments where time is spent and the weights supplied by the time spentji j 
each (Jaakkola & Jaakkola, 1997). A microenvironment is a space, e.g. a room ill * ; 
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gelling o r M office area, with a relatively uniform concentration of secondhand smoke 
^ag the time that is spent in that particular microenvironment. For research purposes 
fflt l for considering health risks, personal exposure is the most relevant measure for eva¬ 
ding and projecting risk (Samet & Yang, 2001). 

' Within the framework of the microenvironmental model, there are several useful indi- 
(gtors of exposure to secondhand smote, ranging from surrogate indicators to direct 
measurements of exposure and of biomarkers that reflect dose (Table 1.6). One useful 
surrogate, and the only indicator available for many countries, is the prevalence rate of 
smoking among men and women. It provides at least a measure of likelihood of exposure. 

the co untries of Asia, for example, where smoking rates among men are very high and 
those among women are low, the prevalence data for men imply that most women are 
exposed to tobacco smoke at home (Samet & Yang, 2001). 

The components of secondhand smoke include a number of irritating and odi ferous 
gaseous components, such as aldehydes. Nonsmokers typically identify the odour of 
secondhand smoke as annoying, and the odour detection thresholds determined for 
secondhand smoke is at concentrations that are three or more orders of magnitude lower 


Table 1.6. Indicators of exposure to secondhand tobacco 
smoke 


Measure 

Indicator 

Surrogate measures 

Prevalence of smoking in men and women 

Indirect measures 

Report of secondhand tobacco smoke exposure in 
the home and in the workplace 

Smoking in the household 

Number of smokers 

Smoking by parent(s) 

Number of cigarettes smoked 

Smoking in the workplace 

Presence of secondhand Sobacco smoke 

Number of smokers 

Direct measures 

Concentration of secondhand tobacco smoke 
components 

Nicotine 

Respirable particles 

Other markers 

Biomarker concentrations 

Cotinine 

Carboxyhaemoglobin 


From Samet & Yang (2001) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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than the secondhand smoke concentrations measured in field settings and correspondjn a . 
fresh air dilution volume > 19 000 m 3 per cigarette (Junker et al., 2001). . . •. 

The indirect measures listed in Table 1.6 are generally obtained by questionnaires 
These measures include self-reported exposure and descriptions of the source of second-, 
hand smoke (e.g. smoking), in relevant microenvironments,' most often the home andit, 
workplace. Self-reported exposure to secondhand smoke is a useful indicator,ofibeing' 
exposed, although questionnaire-based reports of intensity of exposure are of uncertain 
validity. Questionnaires have been used to ascertain the prevalence of passive smoking;- 
some of these have included questions directly related to the TOO definition ofpassivt 
smoking: i.e. exposure for at least 15 minutes per day on more than 1 dayperweefcfSamtt 
& Yang, 2001). 

Questionnaires have been used widely for research purposes to characterize smoking 
(the source of secondhand smoke) in the home and work environments. A simple.mass- 
balance model gives the concentration of secondhand smoke as reflecting the rateof its 
generation, i.e., the number of smokers and of cigarettes smoked, the volume of the space 
into which the smoke is released, and the rate of smoke removal by either air exchangers, 
air cleaning (Ott. 1999), Information on smoking can be collected readily by adults within 
the household (the source term), although reports of numbers of cigarettes smoked in the 
home arc probably less valid than exposure predicted using the mass balance model. For 
workplace environments, smoking can be reported by co-workers, although the com¬ 
plexity of some workplace environments may preclude the determination of the numbers 
of smokers in the work area or the numbers of cigarettes smoked. The other determinants 
of secondhand smoke concentration, namely, room "volume and air exchange are-ncR 
readily determined by questionnaire and are assessed only for specific research purposes 
(Samet & Yang, 2001). - ■•TL: S . 

The direct measures of exposure to secondhand smoke include measurement of the,-; 
concentrations of components of secondhand smoke in the air and of the levels of se&nvk 
hand smoke biomarker in biological specimens. Using the microenvironmental rooM 
researchers can estimate exposure to secondhand smoke by measuring the concentfi iott, 
of secondhand smoke in the home, workplace, or other environments and then combining 
the data on concentrations with information oil the time spent in the microenvironments 
where exposure took place. For example, to estimate exposure to secondhand smoke in 
the home, the concentration of a marker in the air, e.e. nicotine, would be measured and 
the time spent in the home would be assessed, possibly using a time-activity diary tn 
which information on all locations where time is spent is collected (Samet & Yang, 200$ 

Because cigarette smoke is a complex mixture, exposure assessment depends on 0* 
choice of a suitable marker compound that is found in both mainstream smoke 
secondhand tobacco smoke. No compound has a consistent ratio with all other com¬ 
ponents. Therefore, the choice of marker can affect the estimate of exposure. , • -yriv 

The selection of a particular secondhand smoke component for monitoring is larwryti v- 
based on technological feasibility. Air can be sampled either actively, using a puT -4i-,.. 
passes air through a filter or a sorbent, or passively, using a badge that operates f 


i 


3 


principle of diffusion. A number of secondhand smoke components have been proposed 
as potential indicators; these include small particles in the respirable size range and the 
gases, nicotine, which is present in the vapour phase in secondhand smoke, and carbon 
monoxide. Other proposed indicators include more specific measures of particles and 
other gaseous components (Guerin et ah, 1992; Jenkins & Counts, 1999). The most 
widely studied components have been respirable particles, which are sampled actively 
with a pump and filter, and nicotine, which can be collected using either active or passive 
sampling methods. The respirable particles in indoor air have sources other than active 
smoking and are nonspecific indicators of secondhand smoke; nicotine in air, by contrast, 
is highly specific because smoking is its only source (Jenkins et al, 2000). Nicotine 
concentration can be measured readily using a passive filter badge, which is sufficiently 
small to be worn by a child or an adult or to be placed in a room (Hammond, 1999). 

Biomarkers of exposure are compounds that can be measured in biological materials 
such as blood, urine or saliva. Cotinine, a metabolite of nicotine, is a Highly specific indi¬ 
cator of exposure to secondhand smoke in nonsmokers (Benowitz, 1999). Some foods 
contain small amounts of nicotine, but for most persons cotinine level offers a highly 
specific and sensitive indicator of exposure to secondhand smoke (Benowitz, 1999). In 
nonsmokers, the half-life of cotinine is about 20 h; it therefore provides a measure of 
exposure to secondhand smoke over several days. It is an integrative measure that reflects 
exposure to secondhand smoke in all environments where time has been spent. Cotinine 
can be readily measured in blood, urine and even saliva with either radioimmunoassay or 
chromatography. New methods for analysis extend the sensitivity to extremely low levels 
(Benowitz, 1996; Benowitz, 1999). Alternatives to nicotine as a tobacco-specific marker 
substance are few. One such compound is 3-ethenylpyridine (also called 3-vinyl 
pyridine); it is a pyrolisis product of nicotine degradation during smoking present almost 
exclusively in the vapour phase of tobacco smoke. It has been employed to a small extent 
for measuring the concentrations of secondhand tobacco smoke in air (Heavner et a!., 
1995; Hodgson et al. ,1996; Scherer et al, , 2000; Vainiotaio ef aA, 2001), and a correlation 
between nicotine and 3-ethenylpyridine has been reported in some studies (Jenkins et al, 
1996; Moschandreas & Vuilieumier, 1999; Hyvarinen et al. , 2000). 3-Ethenylpyridine, 
soianesol and ultraviolet-absorbing particulate matter as markers of secondhand smoke 
have been suggested as being potentially better correlated with other constituents of 
secondhand smoke than nicotine and respirable particles (Hodgson et al .. 1996; Jenkins 
etai, 1996). There are however many fewer data available on measurements using other 
tobacco-specific marker compounds than those based on air nicotine. 

1.2.1 Measurements of nicotine and particulate matter in indoor air 

The report of the US Environmental Protection Agency (US EPA, 1992) summarizes 
over 25 separate studies that reported concentrations of nicotine in air measured in more 
than 100 different indoor microenvironments. Hammond (1999) also reported an 
extensive survey of the concentrations of nicotine in air. Based on the large numbers of 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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measurements made in various indoor environments in the USA between 1957 anddi#] 
the average concentrations of nicotine in air showed about 100-fold variation, i.e A® 
0.3-30 pg/m 3 (US EPA, 1992), The average concentrations in homes with oneebt-majj- 
smokers typically ranged ftom 2 to 10 pg/ra 3 , with the highest averages being uptfc 
14 pg/m 3 . Data from the mid 1970s until 1991 indicate that the nicotine concentrations nf r . 
offices were similar to those measured in homes, with a large overlap in the range of a8?' 
concentrations for the two types of environment. The maximum levels of nicotine, 
however, were considerably higher in offices than in domestic environments (UStEJfc 
1992; California EPA, 1997). In studies using controlled and field conditions, the concert 
trations of nicotine in air were found to increase as a function of the number of smokers.. 
present and the number of cigarettes consumed (US EPA, 1992), n ( .., 

Jenkins et al. (1996) studied exposure to secondhand tobacco smoke in 16 cities indie 
USA by sampling personal breathing zone air from about 100 nonsmokers in eacLcity. 
The demographics of the study subjects were comparable with the population oftheUSA 
in general, although more women than men participated in the study. The. mean 
24-h time-weighted average concentration of nicotine was 3.27 jig/m 3 for those exposed 
to secondhand tobacco smoke both at work and away from work. 1.41 pg/m 3 for those 
only exposed away from work and 0 69 pa/m 3 for those who were exposed only at work. 
The mean 24-h rime-weighted average concentration of nicotine in air measured by 
personal monitoring, for those who were not exposed to secondhand tobacco smoke was 
0.05 pg/m 3 (Jenkins elal., 1996). . 

Personal exposure to particulate matter associated with secondhand tobacco smoke' 
was determined using the set of specific markers such as respirable suspended jiafrf^lSf 
fluorescent particulate matter and so lane so 1 -part iculate maner. The ranges of mean con¬ 
centrations of these particles for workers exposed to secondhand smoke in 11 countries, 
were: respirable suspended particles, from 24 to 112 pg/m 3 ; fluorescent particulatefritte^, 
from 5.7 to 57 pg/m 3 ; and solanesol-particulate matter, from 3.6 to 64 pg/m 3 tJeriln5r 
etal., 2000). By measuring the levels of solanesol-particulate matter and nicotic- 1 'be 
exposure to secondhand tobacco smoke of office workers living and workifft ■■vi&jL,. 
smokers was determined to be higher in winter than in summer (median 24-i. 
weighted average concentrations. 25 ug versus 2.4 pg solanesol-particulate matter and 
1.3 pg versus 0.26 pg nicotine, respectively) (Phillips & Bentley, 2001). 

1.2.2 Population-based measurements of exposure 

Most population-based estimates of exposure to secondhand tobacco smoke have 
been obtained from self-reports. When measuring exposure to secondhand smoke, in 
indoor areas, nicotine or respirable suspended particles can be measured in air sample 
using personal monitors. In a few studies, biomarkers such as cotinine 'have 'been^' 
measured in physiological fluids. v : ’-- 


Some studies suggest that exposure to secondhand tobacco smoke is related to occu¬ 
pation and socioeconomic status, and that higher exposure is more common among adults 
employed in blue-collar jobs, service occupations and poorly paid jobs and among the less 
well educated (Gerlach et al, 1997; Curtin el al. , 1998; Whitlock et al., 1998). Exposure 
to secondhand tobacco smoke may also be higher among racial and ethnic minority 
groups in areas of the USA, although it is unclear if this is due to different socioeconomic 
status (Gerlach et al., 1997). 

Relatively few data are available on the prevalence of nonsmokers’ exposure to 
secondhand tobaccbUmoke on a population basis, using biomarkers. Survey data from a 
study in the USA in 1988-91 showed that 37% of adult nun-tobacco users lived in a home 
with at least one smoker or reported exposure to secondhand tobacco smoke at work, 
whereas serum cotinine levels indicated more widespread exposure to nicotine. Of all the 
non-tobacco users surveyed including children, 88% had detectable serum cotinine levels, 
indicating widespread exposure to secondhand tobacco smoke in residents uf the USA 
(Pirkle et al. , 1996). Data were recently published on the serum cotinine levels measured 
in 2263 nonsmokers in 12 locations across the USA (Figure 1.1) (CDC, 2001). As 
reported previously (Pirkle et al., 1996), exposure to secondhand tobacco smoke tended 
to be higher among men than among women. Among racial/ethnic groups, blacks had the 
highest cotinine levels. People younger than 20 years of age had higher cotinine levels 
than those aged 20 years and older. 

Table 1.7 summarizes the data obtained from a number of recent population-based 
studies that used questionnaires to characterize exposure. Some of these studies were 
national in scope, e.g. the national samples in Australia, China and the USA, whereas 
others were from single states or specific localities. Several of the studies incorporated 
cotinine as a biomarker. Unfortunately, few data are available from developing countries 
(Samet & Yang, 2001). In a case-control study of lung cancer and exposure to second¬ 
hand smoke in 12 centres from seven European countries, 1542 control subjects up to 74 
years of age were interviewed between 1988 and 1994 about their exposure to second¬ 
hand smoke. Exposure of adults to secondhand smoke from a spouse who smoked was 
reported by 45% of the subjects (including 2% who were exposed to smoke from cigars 
or pipes only); an additional 8% were not exposed to spousal smoke, but repotted expo¬ 
sure to secondhand smoke produced by cohabitants other than spouses. Exposure to 
secondhand smoke in the workplace was reported by 71% of men and 46% of women. 
Combined exposure to secondhand smoke both from the spouse and at the workplace was 
reported by 78%. Exposure to secondhand smoke in vehicles was reported by 20% and 
exposure in public indoor settings such as restaurants was reported by 29% (Boffetta 
et al., 1998). Recent data from Finland illustrate trends in self-reported exposure to 
secondhand tobacco smoke at work and at home over a 15-year period. In 1985,25% of 
employed nonsmoking men and 15% of employed nonsmoking women were exposed to 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Figure 1.1.75th percentile of serum cotinine concentrations for the US nonsmoking^ 
pulation aged 3 years and older, National Health and Nutrition Examination Survey 
1999 



Gender 

From CDC (2001) 

1 Includes other racial/ethnic groups 


Race/ethnicity 


Age group (years) 




secondhand tobacco smoke at work. In contrast, the figures for exposure to secondhaKi 
smoke in 2000 were 8% of men and 4% of women (Jousilahti & Helakorpi, 

in a 1993 review of existing studies, Siegel (1993) noted wide variation in'thyoijfin- 
trations of secondhand tobacco smoke by location when measured by weighted’ mean 
levels of nicotine in the ambient air of offices (4.1 pg/m 3 ), restaurants (6.5 bat 
(19.7 p^m 3 ) and dwellings with at least one smoker (4.3 pg/'m 3 ). 

The recently published study in the USA of the median serum cotinine concentration 
measured in nonsmokers aged 3 years and older found a 75% decrease over the period 
1991-99 (CDC, 2001), suggesting positive effects of policies for cleaner indoor air. 

(b) Children ’’ 

Because the home is a predominant location for smoking, children are expend tc 
tobacco smoke as they go about their daily lives, i.e. while eating, playing and ev® 
sleeping. The exposure at home may be added to exposure at school and in \ehiCi& 
Consequently, in many countries, children cannot avoid inhaling tobacco sm'olce 
& Yang, 2001). " 
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Table 1.7 (contti) 


Reference 


Study design and population 


Results 


Lund et til. (1998) Children horn in 1992; descriptive study of 

exposure to secondhand tobacco smoke at home in 
3547 house] to Ids in Denmark, Finland, Iceland, 
Norway and Sweden in 1995—96 

iousilnhit & A cohort ol' 58 721 men and women aged 15 to 64 

Hehikurpi (2002) years was liillowed-up by annual questionnaires on 
exposure to secondhand smoke at work and at 
home between 1985 and 2000 in Finland. 


America 

Coultas et al. Cross-sectional study; 2029 Hispanic children and 

(1987) adults in New Mexico (1360 nonsmokers and ex¬ 

smokers also had salivary cotinine measured) 


Greenberg ct al. 

(1989) 


Chi lmonc zyk 
«?ro//(1990) 


Questionnaire-based cross-sectional study; 
mothers of 433 infants from a representative ' 
population of healthy neonates from 1986-87 in 
North Carol ina 

Cross-sectional study; 5 1 8 infants aged 6—8 weeks 
receiving well-child care in the offices of private 
physicians in greater ^Portland, Maine . 7 

•' " ' > J :dl. . ’fH.u ; 



Prevalence of weekly exposure was 47% in Denmark, 7% in 
hinland, -16% in Iceland, 32% in Norway and 15% in Sweden. 


In the middle of the 1980s, about a quarter of employed 
nonsmoking men and 1 5% of nonsmoking women were 
exposed for at least 1 hour daily to environmental tobacco 
smoke at work. In 2000, the proportions were 7.9% and 4.4%, 
respectively. Exposure to environmental tobacco smoke at 
home also decreased slightly. In 2000, 14.3% of the 
nonsmoking men and 13% of the nonsmoking women aged 15 
to 04 years were exposed to secondhand smoke either at work 
or at home. 


Prevalence - 39% > 18 years; 48%, 13-17 years; 45%, 6—12 
years, and 54% < 5 years. Mean salivary cotin ine 
concentrations — 0 to 6 ng/mL; 35% of members of 
nonsmoking households had detectable levels of cotinitie. 

55% lived in a household with at least one smoker; 42% of 
infants had been exposed during the week preceding data 
collection, cotinine was detected in 60% of urine samples 
(median =121 ng/mg creatinine). 

91% of infants living in households where only the mother 
smoked (43 households) had urinary cotinine levels 
^ 10 pg/L; 8% of infants living in households where no :j 

smoking wasV^pofiSl ^OS households) had urinary cotinine 1 
levels i lOHg/L.- . : • V 

•Jj:*.:.. X,- . ... J»\. i . > •• i c, •; t. .. uUi 


Table 1-7 (contd) 


Reference Study design and population 


Qverpeek & 
Moss (1991) 


Borland et al. 
(1992) 


Bums &. Pierce 
(1992) 


Jenkins et al. 

(1992) 


Jenkins et al. 
(1 992); Lum 
(1994) 


Pierce et al. 

(1994) 


Cross-sectional study; sample of 5356 children 

< 5 years of age from the National Health 
Interview Survey in 1988 


Cross-sectional study; sample of 7301 nonsmokers 
from the larger study of Bums Sc Pierce (1992) 


Cross-sectional study; head of household in 32 135 
homes in California, contacted by strati lied 
random-digit dialling from June 1990 to July 1991 
Cross-sectional study; telephone interviews with 

1579 English-speaking adults and 183 adolescents 
(12—17 years of age) from October 1987 to 
September 1988 in California 


Cross-sectional study; saute population as 
described above and additional 1200 children aged 
< 1 1 years ( 8 years old with a parent or 

guardian) from April 1989 to February 1990 trj 
California 

Cross-sect uhuiI study; using the California Adult 
Tobacco Surveys in 1990, 1992 and 1993 with 
8224 v« 30 716 adults 18 years and older and 17X9 
to 553 1 teenagers 12—17 years of age interviewed 


Approx i mutely 50% yf nit QS children ^ 2} ypnrij e»f ngu > . 
exposed to prenatal maternal smoking and/or secondhand -• 
smoke from household members after birth; 28% were 
exposed both prenatally and postnatal!y, 21% only after birth 
und 1.2% only prenatal ly. 

3 1.3% of nonsmoking workers reported exposure at work 
> 1 lime in the preceding 2 weeks; 35.8% males vs 22.9% 
females; 4 1.9% < 25 years vs 26.4% for older workers; 43,1 % 
with < 12 years of education vs 1 8.6% with > I 6 years of 
college education 

32.2% of children aged 5—1 1 years and 36.5% of adolescents 
aged 12-17 years were exposed at home. 


46% of nonsmokers were exposed during the day: 43% of 

adult nonsmokers and 64% of adolescent nonsmokers. 

Ex I >osti re most frequently occurred at home, in restaurants or 
in cars. The average duration of exposure was longest in 
w ovkplaces. 

Prevalence of exposure among smokers and nonsmokers 
— 6 1% lor adults and 70% for adolescents during the day; . 
35% k> 45% of children, infants, and preschoolers were 
reported to be exposed to secondhand smoke; average 
duration — 3.5 h. 

I 5.1% smoked prior to pregnancy and of these, 37.5% quit 
after the pregnancy (between 1988 and 1992, 9.4% of women 
smoked during pregnancy). 


3006392597 

Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1-7 (contd) 


Reference 

Sludy design and population 

. Results 

Pletsch (1994) 

Cross-sectional study; 4256 Hispanic women aged 
12—49 years who participated in the Hispanic 

Health and Nutrition Examination Survey 
(HHANES) from 1982 to 1984 

Age-specific household exposure for nonsmokers was 31%- 
62% for Mexican-Americans, 22%-59% for Puerto Ricans 
and 40%-53% for Cuban-Amcricans; 59% of Puerto Rican 
and 62% ofCuhan-American adolescents had high levels of 



exposure. 

Thompson tit at. 

( i 995) 

Cross-sectional sludy; 20 801 US employees from 

1 1 4 work siies 

52.4% of respondents reported being exposed to secondhand 
tobacco smoke at work 

Kurtz at al. 

(1996) 

Questionnaire-based cross-sectional survey; 
sample of 675 African-American students enrolled 
in grades 5- 12 in an urban public school district in 
Detroit, Michigan 

Smoking rates were higher among students with parents who 
smoked; 48% reported paternal smoking; 46% reported 
maternal smoking. 

Mannino et al. 
(1996) 

1 7 448 children aged 1 — 10 years from 1991 

US National Health Interview Survey 

41 % of children with lower socioeconomic status experienced 
daily exposure at home; 21% of children with higher 
socioeconomic status experienced daily exposure at home. 

Pirkle et al. 

(1996) 

Cross-sectional study; 9744 adults aged 17 years 
or older from the NHANES III Study, 1988-91 

Prevalence for males was 43,5% and for females, 32.9%;- . 
87.9% had detectable serum cotinine levels. 

Stamatakis et al. 
(2002) 

<• •' i.f * .• ■.. 

,1s :.i f v i.csfu* 

Cross-sectional study of ethnically diverse non¬ 
smoking women, aged 40 years and older, across 
the United Stales (r? = 2326) 

Exposure to secondhand tobacco smoke at home was 
associated with being American Indiaru/Alaska Native 
(uOR, 1.5; 95% Cl, 1.0-2.6). Compared with college 
graduates, exposure to secondhand tobacco smoke at work 
was higher among women with some high school education 
(aOR, 2.8; 95% Cl, 1.5—5.3) and high school graduates (aOR, 

3. J; 95% Cl, 1.9-5.1) and substantially higher for women who 
worked where smoking was allowed in some (aOR, 15,1; 

95% Cl, 10.2-22.4) or all (aOR, 44.8; 95% CJ, 19.6-102.4) 
work areas.: *.. i i ■ . *1 

.Ai-ii t -«:v- 

• 4 • .1 

j ’iM V*. <; -■ f*. J* 

lifi-'k-' :■&.* r. -vawMtMtont. v *si 

Table 1.7 (contd) 


Reference 

Study design and population 

Results j 

Asia 



Lam £//. (1998) 

Quest ionn a ire-based cross-sectional study; sample 
of 6304 students aged 12-15 years, from 172 
classes of 61 schools in Hong Kong 

53 1% were living in a household with at least one smoker; 
35.2% had only one smoker; 9,5% had two and 2.5% had 
three or more smokers in the household; 38% of fathers and 
3.5% of mothers smoked. 

Yan^ et al. 

(1999) 

Cross-sectional study; 120 298 records (63 793 
males and 56 020 females) of persons aged 15-69 
years from the 1996 National Prevalence Survey 
of Smoking in China 

Of the nonsmoking respondents, 53.5% reported passive 
exposure to smoke. Over 60% of female nonsmokers between 
ages 25 and 50 years were passively exposed to tobacco 
smoke; 71% of participants reported exposure to smoke at 
home, 32% in public places and 25% in their workplace. 

Africa 



Steyn et al. 

(1997) 

Questionnaire-based cross-sectional study; 394 
pregnant women attending antenatal services in 
Johannesburg, Cape Town, Port Elizabeth and 
Durban in urban South Africa, 1992 

Most women who smoked stopped or reduced tobacco use 
during their pregnancy; 70% lived with at least one smoker in 
the house. 

Australia And Nfew Zealand 


Sherrill et at. 

(1992) 

Cohort study; 634 children aged 9—15 years; 

New Zealand 

Overall prevalence = 40% 

Lister & Jorm 

(1998) 

Cross-sect it »n a 1 study; data from the Australian 

Bureau of Statistics 1989-90 National Health 
Survey of parents and their children (« = 4281) 
aged 0—4 years; Australia 

45% of children lived in households with >. \ current smoker; 
29% luul a mother who smoked. 

Modified from Satnei & Yang (2001) 

aOR, adjusted odds ratio for souiodemographic characteristics (race, aye, 
behaviours, and the lype of smoking policy in the workplace 

education, location and having children in the home), health risk 
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Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Data on the exposure of children to secondhand tobacco smoke are limited. In peitam 
the most comprehensive cross-sectional study to date, researchers examined exprn: 
secondhand tobacco smoke in 17 448 children' aged l-{}0 years-in the-USA Tiqv 
varied considerably according to sociocconotnicJLStatOs:41 of xtiildjen rat I-weju- 
socioeconomic status experienced daily exposure.toi ^endhtmd-b)|ao:6 .!? t!^.; 
home, whereas only 21% of children of higher socioeconomic status'”were exposed daily;':. 
Exposure to secondhand tobacco smoke did not vpury.fry,race, family size, gender oL. 
season (Mannino et a/., 1996). In a multicentrehisfady conducted inJ988-9.4 ;icijseven* : - 
European countries, exposure to secondhand smoke" in childhood was reported by 66% of 
respondents (Boffetta el al„ 1998). Parent-reported "exposure to secondhand'tobacco 
smoke among children varied widely across the countries of Denmark/ Finland, Iceland, 
Norway and Sweden (Lund el at., 1998). For example", Finnish parents were kpreiikejy 
than all other Nordic parents to protect their children from secondhand tobaccfi siiiofe^ 
Exposure was highest in Denmark and Iceland, where chiidreh were exposed m almosft 
half of all households and in nine of ten households with daily smokers. The' lack of^ 
common metrics for measuring exposure to secondhand tobacco smoke in children is a“ 
significant challenge when comparing data between countries. 


1.3 Regulations 

1.3.1 Policy options - . ; ' , f j , " 

r [ • ’• 1 

There are a range of options available far the regulation of secondhand to"..c<r 
smoke. Of these options, the least effective is designating smoking areas that h»v ixf. 
separate ventilation. This option provides only minimaj protectiontomqnsmokers;» 
have shown that substantial exposure" to secondhand tobacco smoke occurs invcrty-kwesT: 
where there are smoking areas without separate ventilation (Repace, 199^)^ Ah.i"re. 
effective option.is the use of separately ventilated smoking lounges; this plots ••taw 
smokers but is costly and may elevate lung cancer risk in “smokers (Siegel el a%, 
Separately ventilated smoking lounges also endanger workers (e.g. waiting sfcfl) whe 
must enter these areas as part of their job. Finally, the most effective alternative is a totally 
smoke-free workplace (Brownson et ai, 2002). - ' - - ! . 


1,3.2 Prevalence of regulations ... ’ > -i. 

In 1985, only about 38% of workers in the USA were employed by firms th 3 " Im¬ 
policies restricting smoking (Family et ai, 1999). Since that time, smokingreStric'ivQ-s 
have become increasingly common. According to (he 1999 National Worksite H-*’4 . 

motion Survey, 79% of workplaces with 50 or more employees had fonvf f ‘iff *. 
policies that prohibited smoking or allowed jt only in separately vejjtilated 
Department of Health and Human Services! 2000). Data showed that, from 19953k' 
of indoor workers in the USA were covered by a total ban on smoking in the woriq 1 Jl - f - 


The proportion of workers in the USA who work in a smoke-free workplace-vanes consi¬ 
derably by state — from 84% in Maryland and Utah to 40% in Nevada (Bums et ai, 
2000). There are few systematic data available on the enforcement of existing policies to 
restrict smoking in the workplace, although existing studies suggest that compliance is 
likely to be high (Stillman et ai, ,1990; Wakefield et all, 1996). National,date[ from the 
USA also suggest that despite some protective laws, workers in blue-collar and service 
occupations remain much more likely to be exposed to secondhand tobacco smoke in the 
workplace than other categories of workers (Gerlach et al ., 1997). In the USA, hospitals 
are the only sector that has voluntarily implemented a nationwide smoking ban. This ban 
was announced in November 1991 and full implementation was required by December 
31, 1993. Two years after implementation, the policy was found to have been successful 
with 96% of hospitals complying with the smoking ban standard (Longo et al, 1995; 
Brownson et al, 2002). 

A recent overview of the legislation restricting smoking at work indifferent countries 
has been provided by the Amencan Cancer Society (Corrao et ai, 2000) (Table 1.8). 
Despite using a wide range of already published sources together with Internet searches, 
no information could be found for many countries. Thus, absence of an entry in this Table 
does not imply certainty that no legislation exists in a panicular country. Conversely, the 
existence of a law banning or restricting smoking implies nothing about its enforcement. 
In general, it appears that vulunlary restrictions under control of the employer are more 
common in developing countries than in developed countries (Brownson et ai, 2002). A 
country that relies on voluntary action to ban or restrict smoking may have quite high 
rates of worker protection. For example, although Australia banned smoking in all federal 
government workplaces in 1988, it has been left to individual employers to determine 
their own policies: -Yet, in 1999, 71% of indoor workers in the state of Victoria reported a 
total ban on smoking at their workplace, 21% reported some restrictions on smoking and 
8% reported unrestricted smoking (Letcher & Borland, 2000). As in other countries, 
employees in small Australian workplaces are less likely to report protection, as are 
workers in particular types of employment (Wakefield et al, 1996; McMaugh & Rissell, 
2000). In a survey of indoor workers, 38% of those employed in a restaurant or hotel, 15% 
of warehouse/store workers and 17% of those working in a workshop or factory reported 
unrestricted smoking where they worked, compared with only 3% of workers in open- 
plan offices (Letcher & Borland, 2000). In the United Kingdom, workplace restrictions 
are also voluntary. In 1997,40% of the workforce was estimated to be working in a totally 
smoke-free environment (Freeth, 1998). A survey of 1500 workplaces in Scotland found 
that 79% of them had designated nonsmoking areas, but only 22% had banned smoking 
completely (ASH, 2001). Despite the limitations of the data presented in Table 1.9, it is 
apparent that most countries have some laws that restrict smoking. However, it is very 
likely that there is considerable need for improvement in protection of workers from 
secondhand tobacco smoke in almost all countries (Brownson et al, 2002). 

A few researchers have begun to examine the prevalence of smoking restrictions in 
die home because such restrictions are likely to have beneficial effects on the health of 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 1.8. Variations in workplace'smoldhg^Uciw'lifsSect^coiintTies $ 

Country Typeof policy';~$l'.' 'rh.-rr.-u.-i^gr f 

■ • ... as... -..•tiiag*i 

,_ B R , ' tiA/ : -ife-iissi’--. • - 14av^j I 


Africa 

Benin 

Botswana 

Mali 

Nigeria 

South Africa 

Uganda 

Tanzania 

Zambia 

Americas 

Argentina 

Barbados 

Belize 

Brazil 

Canada 

Chile 

Costa Rica 

Cuba 

Dominican Republic 

Ecuador 

El Salvador 

Grenacb 

Guatemala 

Honduras 

Mexico 

Panama 

Pern 

Trinidad and Tobago 
United States 
Venezuela 

Eastern Mediterranean 

Cyprus 

Egypt 

[ran 

Iraq 

Kuwait 

Lebanon 

Morocco 

Sudan 

Syria 


Certain workplaces Only ' --r : 

' AreastooestMetopublic,common' nytfs&U■_ 
Public service offices - 
,Offices^ , ... _ i. 

Designated smoking areas 


Table 1.8 (contd) • 

Country - - 


Europe 

Austria 

Belarus 

Belgium 

Bosnia & Herzegovina 


” .Li!■ r 

'H J ■’Hr* 

Bulgaria 

... ... 

:Z<ti .'<i 

i 

Croatia 


■t-vStL . J 

Czech Republic 


.In ■ 

Denmark 

Some private workplaces 


Estonia 



France 

Areas accessible to public 


Germany 



Greece 



Hungary 

, , .Offices ... .... . 

" • . ■% 

Iceland 

Working areas 

i Jilv v -* jj ,4 

*•' . 1 

Ireland 


' '' 

Israel 


L!STi".rC5 

Krygyzstan 

> ' Areas accessible to the public 

• t- • i 

Latvia 

Working areas 

• V ^ 

Lithuania 

Netherlands 

Areas accessible to public' " 


Norway 



Poland 

.r-a-..,. ■ • • 

Mj; wtltTff-' I 

Portugal — 

x State and local levels 

= / 

Moldova 



Romania 



Russia 



San Marino 

Private and public 


Slovakia 

Enclosed public places 

. : : = 

Slovenia 

Areas accessible to public 


Spain 

1 Administrative measures 

‘ •'/.£ ... • 1 

Sweden 



Switzerland 

■ • ■■ -bd Upon request by notismokers. 


Turkey 

„ Public administration and service , t 

Ukraine 

... Areas accessible to public 

• -d 

United Kingdom 

1 , • " 

• <t 


;*t -1- • ri i ■ /fcl 7 !: 



. • : Li'Vj'ri- 

NBtyyJ 






INVOLUNTARY SMOKING 

Type of policy" Comment 

8 R V X 


Unless appropriate ventilation exists 

Areas accessible to public and other areas 

Unless nousiuokers give written permission 
for smoking 

During work hours when nurisnnkeis arc 
present 

Voluntary restrictions in private workplaces 
Labour environments 
Designated smoking areas 
Except individual offices 


Areas accessible to public 
Areas accessible to public 
Areas accessible to public 
Except in designated areas 


Enclosed areas 
Public and private 
With 2 or more employees 


With 5 or more employees 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1.8 (contd) 




Type of policy 1 


B R V X 


Comments,.,* y 

-**■*- —l 


South-East Asia 

Bangladesh 

India 

Nepal 

Srilanfca 

Thailand 

Western Pacific 

Australia 

Cambodia 

China 



Table 1.9. Summary of selected studies on the effects of workplace smoking bans 
and restrictions on exposure to secondhand tobacco smoke 


sc r .«< lie-. 


Administrative measures 


Partial ban 

Administrative measures 


Reference/location iDdustry/setting 

Millar (1988)/ Department of Health 

Ontario, Canada and Welfare 


Becker et al. (1989)/ Children’s hospital 
Maryland, USA 


Biener e/ of. (1989)/ Hospital 

Rhode Island, USA - 


Sample size Outcome^) studied/size of effect*. 


4200 

(12 locations) 


951 

(9 locations) 


Change in mean respirable 
suspended particulates = -6 pg/m J 
to -22 pg/m J (depending on the 
storey of the building) 

Change in average nicotine vapour 
concentrations - -12.55 gg/m J to 
+ 0.08 gg/rn 3 (depending on the 
location) 

Percentage of workers ‘bothered’ by 
secondhand smoke in various 
workplace locations: 


Cook Islands 

X 





offices = -20%; lounges = -20% 

Fiji 

Japan 

Kiribati 

X 

X 

X 

Guideline, set by Ministry of Labour 

- J Gottlieb et al. 

A * (1990VTcx*s, USA 

Government agency 

1158 

Percentage of workers ’never 
bothered’ by secondhand smoke 
= + 38.8% 

Lao People's Democratic 

X 





Republic 



Muliooiv et al 

Health maintenance 

13 736 

Presence of smoke in workplace 

Malaysia 

X 

Areas accessible to the public * 

' (19901/Oregon, USA 

organization 

1985: 

= -21% (1985 sites); -35% (1986 

Micronesia 

X 




pre-ban 764 

sites) 

Mongolia 

X 

Designated smoking areas : 

4 : 

* ' . ' 

. post-ban 1027 

- 1 • ..- ■ - 

New Zealand 

X 

Common work areas and public areas rub-: - • 



1986: 


Niue 

X 

•• iim". 



pre-ban 1352 


Philippines 

X 

i» 



post-ban 1219 



Republic of Korea 
Samoa 

Solomon Islands 

Tokelau 

Tonga 


■r'-AlSc 

.tiir ■ -< -2- 

=l;^r7acr^r.; 


Brownson el at (2002): adapted from Cortao el al. (2000); number of additional countries for which no 
information is available: Africa = IS: Americas = 15; Eastern Mediterranean = 13: Europe = 15; Soulh- 
East Asia=5: Western Pacific =11. 

J B, smoking is prohibited in workplaces according to national legislation and/or regulations; lacihttes 
with a designated smoking area are included in this category if nonsmoking areas must always remain un¬ 
contaminated by smoke; R. smoking is restricted, but not prohibited, in workplaces according to nadonal 
legislation and/or regulations; V, employers voluntarily prohibit or restrict smoking in areas unde' lh&L 
management; X, different state and county laws apply. 


Stillman et al. Medical centre 

(1990)lMaryland, 

USA •* 

Borland etal.(l 992/ Indoor workers in 
California, USA California 


Border et al. (1993)/ Public sector 

Toronto, Canada workplaces 


Patten el at. Statewide workers 

(1995yCalifomia, 

"~K.. ... 


8742 Change in average 7-day nicotine 

(7 locations) vapour concentrations = 

■ -7.71 (Jg/m 3 to -0.72 pig/m 3 
(dependingon the location) 

7301 Percentage of employees exposed » 

secondhand smoke at work = 
-42.1% between no policy and 
smoke-free policy 

179 Change in the mean measurements 

(3 buildings: (for several secondhand smoke 
8-12 samples components) 
per floor) Volatile organic compounds = 

-0.7 mg/m 3 . 

8580 Percentage of employees exposed to 

(at baseline secondhand smoke al work = 
survey) . -56.3% difference between work 
area ban and no ban ■ 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 1.9 (contd) ' ' * '.Tv;*!-' »<v . s cipsi 

«.• ‘Ji'/y VkS”l 

Reference/location . Industry/setting. —Samplesize. . .Outcomes)studied/sizioiefftc 


Eller et al. ( 1999)/ University 
Geneva. Switzerland 


__ ExposuretosecgA^moi eyvSHI 

(sco re 0 -| QO; ‘not.al 
compared to baseline) 


Brownson el al. (2002); modified from Hopkins era/. (2001) 
1 Valuesjtiolfd are absolute differences from baseline. 


children. In 1997, a population-based, cross-sectional telephone survey was conducted^" 
using random-digit-diailing asking 6199 adult Oregonians to provide baseline 
tobacco use in Oregon. Seventy per cent of the households were composed offlonsroa ffiffl 
only, and 85% of those had a full ban on smoking inside the home. Of the houwho'Spi 
containing one or more smokers, 38% had a full household ban on smoking. Fifty pa u’Hi fc 
of households with at least a smoker and a child present did not have a full banbfih(!OT*S 
smoking (Pizacani el al., 2003). Face-to-face interviews were conducted with 380 rural, 
low-income Native American and white parents of children aged 1-6 years in Oklahoma. 
The prevalence of complete smoking bans was 49% in Native American homes and .4334 
in white homes Bans on smoking in cars were less common, with 35% of Native 
American and 40% of white caregivers reporting complete bans (Kegler & Malcoe, 7jp 
In Victoria, Australia, the percentage of respondents who reported discouraging v/sg 
from smoking in the home rose from 27% in 1989 to 53% in 1997 (Borland etai, (!) 
and not smoking in the presence of children rose from 14% in 1989 to 33% in j 
Similarly, attitudes toward smoking in the home have changed in Ontario, Cam 
percentage of respondents favouring not smoking in homes where there were chi 
increased from 51% in 1992 to 70% in 1996 (Ashley et al., 1998). 

Only minimal regulation applies to constituents of cigarettes and tobacco smoke jflj 
covers only the content of tar, nicotine and carbon monoxide (cf. Section l'.4( eyoN 
monograph on tobacco smoke). 

1.3,3 Effectiveness of regulations 

Evaluations of the effects and effectiveness of workplace smoking policies have used ^ 
a wide variety of study designs and measurements of exposure to secondhand tobacjjyg 
smoke and tobacco use behaviours. Most of the published studies are simple asses?/'^ 
conducted before and afteT adoption of a workplace policy, although more rece: 1 (ainj* 
more complex) investigations have employed cross-sectional surveys of workers in wy/l-f- 
places operating' different policies. Few studies have evaluated or controlled for potehcal* 
bias and confounding of the observed differences or changes in exposure to secondhaa^p 
smoke or in tobacco use behaviours (Brownson et al., 2002). 


.- .The effectiveness of workplace smoking policies has been measured by differences or 
changes in perceived air quality in the workplace following a ban or restriction, and by 
differences or changes in active measurements of nicotine vapour concentrations, meta¬ 
bolites', of levels of particles. Overall, workplace smoking policies' have been highly 
; effective' in reducing the' exposlire'bf nonsmokers to secondhand tobacco smoke. The 
■ ‘best evidence, subset’comprised ten studies, including cross-sectional surveys, before- 
and-after comparisons, different settings or locations (offices, public sector workplaces, 
medical .centres, workplaces community-wide) and different outcome measurements 
(Table 1.9) (Briss er al., 2000; Hopkins et al., 2001). In nine of ten studies, workplace 
smoking policies had a significant impact on exposure to secondhand tobacco smoke. In 
assessments conducted between 4 and 18 months after implementation of the policy, the 
median relative percentage difference in self-reported exposure to secondhand tobacco 
■ smoke was -60%, range +4% to -97%. Workplaces with smoking bans tended to show 
greater reduction in exposure to secondhand tobacco smoke than did workplaces with 
smoking restrictions (Hopkins et al., 2001; Brownson et al. ,2002). 

Hammond (1999) summarized the existing literature on average indoor nicotine con¬ 
centrations when various workplace smoking policies were enacted. In workplaces with 
s policies that had banned smoking, nicotine concentrations were generally decreased ro 
less than ! pg'm ; . The mean concentrations of nicotine in workplaces that allowed 
I smoking ranged from 2 to 6 pg/m 1 in offices, 3 to 8 pg/nv in restaurants and from 1 to 
a (j pg/m J in the workplaces of blue-coliar workers. By comparison, studies of nicotine 
concentrations thatrincluded at least 10 homes of smokers and that were sampled for 14 h 
_ to 1 week found average nicotine concentrations of between 1 and 6 pg/m 3 : - 
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V 


2. Studies of Cancer in Humans 


1.1 Lung eatteer 

The section summarizes the results of the relevant cohort studies and case-control 
y crudies of the association between lung cancer and exposure to secondhand smoke. They 
, r are ordered by source of exposure, i.e. secondhand smoke from partners at home, at the 
workplace, during childhood and from other sources. For each type of study, the results 
are presented first without differentiation according io the levels of exposure and then the 
Kposure-response relationship is described. 

The most commonly used measure of exposure to secondhand smoke has been from 
the spouse. This is because it is well defined and has been validated using cotinine studies 
, j! never-smokers who do or do not live with smokers. Spousal exposure is also a marker 
of exposure to tobacco smoke in general because people who live with smokers tend to 
j mix with smokers outside the home, Other measures of exposure, at the workplace or 
il during childhood, are not so well validated, It is more difficult to quantify exposure at the 
"f workplace than spousal exposure: the extent of exposure may vary considerably between 
i different working environments (exposure from the spouse is clearly defined and fairly 
:| consistent); people are more likely to change jobs than to remarry or divorce and, in 
3 studies based on people who have died from lung cancer, it may be more difficult for the 
z next of kin or other respondent to know whether or not the subject had been exposed to 
1 ttondhand smoke at work. Exposure during childhood has not been validated and, in 
* studies of exposure to secondhand smoke, the relative risk for lung cancer associated with 
exposure during childhood should be stratified according to spousal exposure. Few 
Aidies have done this, and. even when they have, the number of lung cancer cases has 
^n too small to enable robust conclusions to be drawn. 


■ LI Cohort studies 

There have been eight cohort studies of nonsmokers who were follow ed for several 
; ; e ars to determine the risk for lung cancer (these are described in Table 2. 1). Six of these 
^ (Garfmkel, 1981; Htrayama, 1984; Butler, 1988; Cardenas et a/., 1997; Jee etal., 
y W9; Nishino et ai, 2001) reported the risk of lung cancer associated with exposure to 
* ic Miidhand smoke from the spouse. All six studies found that the risk for nonsmoking 
J 'omen with partners who smoked was higher than that for those whose partner did not 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 




Table 2 . 1 . Cohort studies of second hand smoke and lung cancer 


Reference Cohort Siimplc < 'oluwl eligibility; folk>w-tip 

fcountry, years 

ofsluily) 


Source of exposure fiieidcnco/death; eovariafes adjusted Ibr: 

coin meins 


Garfinkcl (1981) 
(UiJA. I 960-72 ) 


\ liraynmn 
I I ’>84) (Japan. 

| 965 -X | > 

Butler {!<>««) 

(USA. l')74-82) 


I leWniird . t at. 

I I My S) (Hie 

Net her lands. 

IM 77 Ml > 


I 76 73 M 
married 
nonsmoking, 
women 


91 540 married 
nonsmokinji 
women 
Spouse pairs; 

9378 subjects; 
AlfSMOCi 
cohoil; <>46 7 
subjects <66% 
over Zap) 

23 eases and 
1V l coot l ols 


AC'S Study; friends, ncit’lilxiiirs htiiI re la lives of American 
C ancer Society volunteers; deaths reported hy volunteers; 
death certificates nhluiiied from stale health departments-; 
V3% liillmv-(ip 

Veterans Study: quest ion tin ire mailed in vciniins holding 
a I ,'S < iovcriimcnl li/e instiriiiuc; X5‘'» ic.qnmsc: death 
cerliIRvilCS supplied In llie Veteran.-.' Administration or 
ihroiifd' Meld work a< health dcpajlpicpls 
95% of the const jj; population in the Mudy aiett in 
29 health centre districts; to Now-up consisted <»f special 
iinnuul census and special death registry system. 

Non-| f is panic white Adventists; .spouse pairs with a non¬ 
smoking wife; AIISMOO cult oil enrol fed lor air pollution 
study; deaths, ascertained l>y linkage io t 'ntifb/nia death 
certificate file, national death index anti noli treat ion of 
death |»y church clerks; eases ascertained with hospital 
liixlory forms and review of hospital and ftanout registry 
jeenrds: 99% histologically continued 
Nested ease- control study among. women enrolled in 
breast cancer screening projects < IX >M project, enrolment 
1^75- 77, aged 64 years ami l.nlinc Si tidy, riirolincnt 
I982 K3, aged 41) • 49 years) 


Active smoking by 
current spouse 


Active smoking by 
cuueni spouse 

Spouse pair cohort: 
active smoking by 

current, spouse; 

AHSMOCi cohort: 
exposure at work 


lixpusurc assessed by 

measurement of 
urinary colinine 
levels in declared 
non smokers 


i >c;»(hx 

3 ) i'mdc death nilcs; 2) analysis with 
women innldicd by age. race, highest 
educational jduftK ofbtishand «>r wife, 
residence and occupational exposure of 
husband 


Deaths 

S.VlUs 

< 'uses-'deaths 
Adjusted <b« age 


1‘iiSt's depths 

t'otininc excretion adjusted for creatinine 
resulted in higher odds ratios. 


Tabic 2.1 (contd) 





Reference iorl sample Cohort eligibility; follow-up Source of exposure InerdcuecAlcatb; eu variates adjusted for; 

(country, years comments 

of study) 


Cardenas <’/ at. 

\ I 997) (USA. 
1982-89) 


Jce el af- Cl 999) 
(Republic of 
Korea. 1992-97) 


SpCI/cr it ai. 

{ I VMM) | USA. 
1976 02) 


Nisi lino ef af. 
<2<Xi I) { Japan, 
r VN4 -92) 


28* 776 
fM6 542 men. 
192 234 
women) 
nonsmoking 
subjects 
157 436 
married 

nonsmoking 

women 


121 700 
women, 

US registered 
nurses in 1976; 
imknoWn 
snbcuhnn of 

non smokers 
3 I 345 (13 992 
men. I 7 353 
women ) nnn- 

MUokers 


S.V1H. standardized mortality ratio 


Friends, neighbours and relatives of American Cancer 
Society volunteers in nil 50 Stales; aged - 3<>yo.ns; death 
monitored by volunteers and through national death 
index; cause of death c lass i lied according in ICD-9. 


Active smoking by 
current spouse; self- 
reported exposure at 

home, at work or in 

other areas 


I>ca(|i* 

Adjusted forage, race, education, blue- 
enilar employment, asliestos exposure. 
COtlsi ilVipl it»n of vegetables, citrus fruits 
and fin, history of chrome lung disease 


Both spouses had to have completed ihc Korean Medical 
Insurance Corporation medical examination; aged - 40 
years; cases ascertained from diagnosis tin discharge 
summary 


lemrde nurses aged 3(1-55 years. Nurses* Health Study; 
deaths ascertained by family members, postal sen ii-c or 
through national death index; case'* ■’•>n Urn n*d hy 
pnrtudogy reports 


Active smoking by 
current husband 


Information on 
exposure in second¬ 
hand smoke during 
childhtHHl and 
sidnli homl nseci tallied 
in 19X2 


Cases 

Univariate analysis; multivariate analysis 
adjusted lor age ol husband arid wife, 
socioeconomic status, residence, 
husband's vegetable consumption and 
occupation 
Cases 

Adjusted |«>f- age 


Residents of six prima. eho-'l in a eiiv ami the Ativ smoker in the 

whole area of two town mm; ■ rn Uon.sliu. aged household 

> 4() years: cases asten.n ned hy linkage t" the prefect oral 
cancer registry; cancer sites coded according. to K’D-M 


Cases 

I ) Crude iclalive • -ii alt float ion by 

smoking .-tutus o| im- : m 1 md other 
household member 1 .-. 3i multivariate 
relative iisk adjusted lorn- study mtfa. 
alcohol intake, green and *. Iluw 

vegetable intake, fniil intake, treat intake 

and past Piisttny of lung' disease 


5 

< 

O 


> 

w 





cr .i 
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smoke (see Table 2.2). In both cohort studies that reported on the effect in nonsmoking 
men whose wives smoked, the relative risk was increased (llirayama 1984; Cardenas 
eiaL 1997). Tlie two other cohort studies, which were based on general exposure to 
secondhand smoke (dcWaard et a!.. 1995; Speizerri al ., 1999), obtained similar results. 


Table 2.2. Epidemiological studies” of the risk for lung cancer in lifelong non- 
smokers whose spouses smoked relative to the risk in those whose spouses did 
not smoke h 


Reference (country) 

No. of 
cases of 
lung cancer 

Crude relative 
risk (95% C!) 

Admsicd relative 
risk (95*/» CI) C 

Women 




Cu.sc-cqwoI studies (n - 40) 

Chan & Fune (1982) (Hung Kong. SARI 

84 

0.8 [0.4—1.3] 

NR” 

Correa ei al. (1983) (USA) 

22 

2.1 [0.8-5.31 

NR 

Trichopoulos e: al. (1983) (Greece) 

62 

2.1 [1.2-3.81 

NR 

Bufller el al. (1984) (USA) 

41 

0.8 [0.3-1.9] 

0.8 (0.3-1.Si 

Kabul & Wvoder (1OR-p (USA) 

24 

0.8 [0.3-2.5] 

NR 

[.am t - fi-l Konti. SAR) 

60 

2.0 [1 1-3.7J 1 

NK 

Ciarnnkci et e ! Ful'SAl 

134 

1.210.8-1.9] 

1 2(0.9 i.6i 

^ U t ,; vi t' - 

2<J 

NR 

1.2 ifl.5-3..’. 

A.-.ihacr ' .'.-ant 

94 

1.5 [0.9-2.6] 

i.r, r rv.s— i. v 1 

Lee ei al. ,: -ted Kingdom) 

32 

1.0 [0.4-2.6] 

1.0(0.4-27) 

Brinsnson J1 °87) (USA) 5 ' 

19 

1.5 (0.4-6.0) 


Gaocraf. ! ■' "-ItiiuO 

246 

1.2 (0.8-1.7) 

L5il.0-l.Si 

Humble el al. (1987) (USA) 

20 

2,3 [0.8-6.8] 

2.2 (0.7—6.6) 

Kim et a!. (1987) (Hong Kong. SAR) 

86 

1.610.9-2.7] 

1.6(0.9-3.11 

Lam ci al. (198?) (Hone Kong. SAR) 

199 

1.7 [1.2-2.4] 

NR 

Pershaecn et al. i 19S7) (Sweden) 

7(1 

1.0 [0.6-1.7) 

1.210.7-2.11 

Genu dal. (19SS) (China) 

54 

2.2 [1.1-4.3] 

NK 

Innue & Hiravama (1W8) (Japan) 

22 

2.6 (0.7-8.B) h 

N&_ 

Shimizu et al- (1988) (Japan) 

90 

1.1 [0.6-1.8] 

1.1 (NR) 

Choi el el. (1989) (Republic of Korea) 

75 

1.6(09-2.9) 

1.6 ("NR) 

Kalandidi elal (1990] (Greece) 

90 

1.6|0.9 2.9] 

: • t i.i-i 

Subnet 1 WO) (Japan i 

144 

1.1 10.7-1.5] 

l.i lO.S-Lfi 

Wu-Williams et al. (1990) (China) 

417 

0.8 [0.6-1.0] 

0." (0.6-0.9) 

Liu k Chapman (1991)' (China) 

54 

0.7 [0.3-1.7] 

0.8(03-? .Pi 

Brown son el al. (19^2 ) (USA1 

431 

1.0 [0.8-1.21 

1.0 (O.S-i-2) 

Stoekwell eial. (1992) (USA) 

210 

NR 

1.6 (0,8-5.01 

Du dal. (19931 (China) 

75 

1.2(0.7-2.11 

NR 

Liu t-r {1993J (China) 


1.7(07-3.8) 

NR 

FonSnjim cl a!. (1 994 ) | USA) 

651 

1.3 (1.0-1.5) 

l.’iLO-Lo) 

Kabau-ruMlWHUSA) 

67 

1.1 [0.6-2.0] 

1 ! |0.6-L' )| 

Sun cl al (19%) (China) 

230 

NR 

1.2 (0.8— 1 ■ > 


Table 2.2 (contd) 


. Reference (country) 

No. of 
cases of 
lung cancer 

Crude relative 
risk (95% Cl) 

Adjusted relative 
risk (95% Cl)” 

Wang el al. (1996) (China) 

135 

1.110.7 -1.8] 

NR 

Boffetta el al. (1998) (Europe) 

508 

1.0 [0.8-1.3] 

1.1 (0.9—1.4} 

Shen ci al. (1998) (, China) 

7(1 

[1.5 (0.7-3.3)] 

1.6 (0,7-3.9) 

1 Zaridze et al. (! 99$: (Russia) 

189 

1 6 [1.1 2.3] 

1.5(1.1-22) 

Rapid elal. (1999) (India) 

41 

L() [0.4-2.4] 

1.2(0.5-2.9) 

Zhong cl al. (1999) (China) 

107 

1.2 [0.8-1.6] 

1.1 (0.8-1.5) 

: ” Kreuzcr el al. (2000)' (Germany) 

100 

0.9[0.6-1.4] 

0.8(0.5-1.3) 

Lee et al. (2000/ (Taiwan, China) 

268 

1.7 [1.3-2.4] 

1.8(1.3-2.5) 

Johnson cl al. (2001) (Canada) 

71 

NR 

1.2 (0.6-4.0) 

I- Cohort studies (n = 6) 

Garfmkel (1981) (USA) 

153 

NR 

1.2 [0.9-1.4] 

Hirayama (1984) (Japar,) 

200 

NR 

1.5 (1.0-2 1]' 

: Butler (1988) (USA) 

8 

NR 

2.0(0.5-86) 

Cardenas etal. (1997) (USA) 

150 

NR 

1.2 (0.8-1.6) 

* Jce cl al. (1999) (Republic ofKores) 

63 

NR 

1.9(1.0-3.5) 

Ni.iriio et al. (2001 > (Japan) 

24 

NR 

1.9 (0.8-4.41 


Men 


Cast-cvnnxtl in - 9) 

[ Correa el al. (1983) (USA) 

8 

2.0 [0.2-11.8]” 

NR 

- Butiler et al. (1984) (USA) 

11 

(1.5(0.1-2.2)” 

0.5(0.2-17) 

; Rabat & Winder (1984) (USA) 

12 

1.0 [0.2-6.7]"' 

NR 

Akiba el al. (1986) (Japan) 

19 

2.1 (0.5—8.6) 

1.8 (0.5-7.0/ 

Lee et al (1986) (United Kingdom) 

15 

1.3 (0.3-5,4f 

1.3 (0.4—4.4) 

Choi ei al. (1989) (Republic ofKorea) 

13 

2.7(0.5-15.2)“ 

2.7 (NR) 

* .Rabat el al. (1995) (USA) 

39 

1.6 [0.7-3.91 

1.6 (0.7—3.8) 

feoffetta el al. (1998) (Europe) 

141 

1.3 [0.8-2.2] 

NR 

. Kreuzer el al. (2000V (Germany) 

23 

0.4 (0.1-3.0) 

NR 

Cohort studies (n *• 2) 

* r Hiravama (1984) (J apan) 

64 

NR 

2.3 [! .1-4.8] 

“ Cardenas el al. (1997) (USA 

97 

NR 

1.1 (0.6—1.8) 


IS 0 : confidence interval 

B?' ‘ Only the most recent publication is used for studies that have been updated from previously published 
■Ip-- 1 reports. Also, studies based on subjects who are included in a larger series are not listed here. 

-In addition, there are four studies that gave results for men and women combined: Hole a al. (1989) 
(7 cases), relative risk, 2.1 (95% Cl, 0.5-12.8): Janerich el al. (1990) (188 cases), relative risk, 0.9 
1,95% Cl, 0.6-1.6) for analysis based on subjects interviewed directly and 0.4 (0,2-1.0) for analysis 
based on interviews with surrogate respondents; Schwartz et al. (199b) (257 eases), relative risk, 1.1 
(9594 Cl. O.S-1.6); Boffetta el al. (1999a) (69 cases), relative risk 1.22 (96% Cl, 0.7-2.1). 


fc- Adjusted for at least age (other factors included dietary habits, education and social class) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2.2 (contd) 

i Hot reported or estimatable from the reported results 
' Results foradenocarcitioma oily 

f Thc original report presented 90% confidence intervals that were convened to 95% confidence 
Intervals (or this able. 

( The taw data came front the US Environmental Protection Agertev j ] 992 ). 
h Resijl,s re P orIcd in lhe US Environmental Protection Agency report (1992), which also noted that the 
results reported in this article (odds ratio. 2.3) were erroneous 

‘One of the 202 controls was a smoker, but this, would have a negligible effect on the result so this 
study was included. 

■Results from analysis excluding cases and controls already included in die snidv by Boffettc 
t I99S) [personal communication M. Kreuzer] 

Crude results are lor comparisons between women married 10 smokers and those married to non- 
smokers. The adjusted result was obtained by pooling the odds ratio corresponding to women married 
to smokers who smoked in their presence with the odds ratio corresponding to women tnamed to 
smnkeis who did not smoke in their presence. 

Authors reported a 90% confidence interval that was adjusted to a 95% confidence interval for this 
table, It should also be noted that this result was for a comparison of w omen whose husbands smoked 
H9 cigarettcs'day with women whose husbands were nonsmokers, and did not include the hisltesl 
exposure group t- 20 cigarettes/day). 

. m Fisher's exact 95% confidence intervals were estimated. 


Taken together, the three large cohort studies demonstrate an increased incidence of 
deaths from lung cancer associated with exposure to secondhand smoke from the spouse. 
The increase in deaths from lung cancer in the study by Hirayama (1984) is significant, 
and this study and that by Cardenas ei al. (1997) also reported a significant exposure- 
response relationship. 

2.1.2 Case-control studies 

Many case-control studies hate been undertaken in several countries (mostly China 
and the USA) (described in Table 2.3). In these studies lung cancer cases were ascertained 
and matched with controls (usually for age and other factors). The coni roll were selected 
from cither the general population or [he hospital in which the patients with lung cancer 
were diagnosed. Details of the smoking habits of the partners of both cases and controls 
were obtained either by interview or questionnaire. In some instances the next of kin pro¬ 
vided the relevant information. These studies were based on various measures of expo¬ 
sure to secondhand smoke, including exposure from the partner, at the workplace, during 
childhood or exposure from other sources. The following section describes only large, 
relevant studies in which all cases and controls were interviewed in person and no infor¬ 
mation from the next of kin was used to reconstruct exposure. 


Exposure-response relationships 

The analysis ol exposure-response relationships prot ides critical evidence for or 
against a causal relationship between exposure to secondhand smoke and the development 
of lung cancer. 

In the study by (jarfinkel (19811. the relative risk did not increase with increasing 
exposure levels. 

In the study by Hirayama (1984). the relative risks for women w ere 1,4.14,1.6 and 
1 .9 when their husbands were ex-smokers, and when they smoked 1-14,15-19 or > 2b 
cigarettes/day, respectively (p value for trend test, 0.002). Similarly the relative risk for 
nonsmoking men increased wilh exposure level: it was 2.1 when the wives smoked 1-19 
cigarettes/day and 2.3 when they smoked > 20 cigarettes/day (p value for trend lest. 0.021 

The study by Cardenas el a!, (1997) also found a significant exposure-response 
relationship. When the husbands smokedT-19,20-39 and > 40 cigarettes/day. the relative 
risks for women exposed to secondhand smoke were 1.1,1.2 and 1.9 respectivelv (p value 
for trend test, 0.03). There was no evidence of an association between risk and the length 
of time the couples had been married. A similar analysis for nonsmoking men exposed 10 
secondhand smoke would not be robust because the number of cases was too small. The 
particular strengths of this study were the near complete data on cause of death (97%i- 
direct questioning of both partners about their smoking habits, and the taking into account 
of numerous potential confounders such as previous lung disease, occupational exposure 
to asbestos, dietary habits and education. 


(a) Description of studies 

The Study of Lam eiai (1987 ) included 199 cases and 335 controls from Hong Kong, 

(Special Administrative Region of China. The study is characterized by good data on expo- 
sure (from various sources) 10 secondhand smoke, valid classification of the smoking 
| habits of the husband and a consideration of potential confounders (including education, 
place of birth, duration of residence and marital status). 

The study from China by Gao el a!. (1987) included 246 cases and 375 controls. The 
cases were identified using a system built upon the Shanghai Cancer Registry. The 
lyses were controlled for age and education. 

The study ofWu-Williams el ul. (1990), also from China, included 417 cases and 602 
[Controls. A limitation of this study is that it was not able to control for important indoor 
sources of exposure to potential lung carcinogens such as those produced during burning 
of coal and frying in oil. 

The study of Brownson el ul (1992) in the USA included 431 cases and 1166 
Jcontrols.il is characterized by good documentation of data on exposure in the home and 
le workplace, and took into account potential confounders (age, sex and socioeconomic 

itus). 

In the study of Fonlham el ul. (1994) in Ihe USA, 651 cases and 1253 controls were 
terviewed, Possible misclassification of smokers and potential confounding by age, 
mpational exposure to known carcinogens, eating habits, familial history of lung 
gmcer and education were taken into account. The smoking status was verified by means 
cotinine determination to minimize the misclassification of smokers as nonsmokers. 
i 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


I able 2.3. Main study design characteristics o ItJiso-cimt n>| studies 


1,n exposure fo second hand smoke and lung cancer 


Reference 

(country, years 

of study) 


No. of'non- 

smoking cases 
and controls 


Eligibility criteria . 


Covuri sites 
adjusted lor 


Source of exposure data 


Chan & Ring Women: 84 cases. 

(1982) 1 .to controls 

(Kong Kong, 

SAR. 1976-77) 


HiBiolojiically tnnln riK'.l t iisi-s n (bronchial cancer were 
identified in five hospitals in Hong Kong. Controls were 
identified from patients in tfic orthopaedic ward jii the same 
hospitals and were selected I'rtun Hie ‘same general age group' 
as (he cases. 


Cnrrea rt ttl. 
0983 ) 
(USA. not 

reported) 


Triehopnu los 
vt ttl. (1983) 
(Greece, 

1978—82) 


Huffier et cil. 

( 1984 ) 

(USA, 1 976—80) 


Kabat & Wynder 

(1984) 

(USA. 1971-80) 


Men: 8 eases. 

I 78 controls 
Women: 22 cases, 
l 33 controls 


Men n ihI women; 
7 7 eases, 

225 controls 


Men: I 1 eases, 

90 controls 
Women: 4 I cases, 
I9f> controls 


Men: 25 eases. 

25 controls 
Women: 53 eases, 
53 controls 


< oses ui prinuu-y Jung i.ancci identified from admission aiul None 

pathology records :it 2'* hospitals. Patients with 

bronchioalveolar cancer were excluded. Controls were 

randomly selected from pal ion Is attending the same hospital 

:*nct matched lor ni« v . sc,\ mid age Patients with simiking- 

refated diseases wine excluded trum the centrals. 

C uses of lung cancer oiiu i tiiiin adenocarcinoma Itl'ihe lenninEil None 
bronchi were identified from three hospitals in Athens. Controls 
were drawn from an orrlinpaedic hospital in the same area as 
the cases. The cases and controls had 'similar demographic and 
socioeconomic profiles'. 


Salients aged 3U--79 yours will) histologically con firmed lung 
cancer were identified from hospital and state records in six 
counties in Texas. Population-bused and deceased controls 
were selected from stale and federal records that were matched 
to cases on age. race. sex. region of residence and vital status. 

Cases t»rprimary cancer of the lung were selected from 
hospitals. One control was matched to each ease on age, sex, 
race, hospital and date of interview. Controls were selected 
from other hospitalised patients who had diseases that were noi 
tobacco related. 


Age. race. sex. 
region of 
residence amt vital 
status 

None 


Patients were interviewed using 
o ipicstfopimire ihat included a 
question on exposure to passive 
smoke a t home. 


Study subjects were interviewed 
with a questionnaire including 
questions on hi.s.iory of exposure 
Irom smoking spouses and 
ptircnlal smoking. 


1'hysicisms ini civic wed subjects 

concerning smoking habits of 

their spouses. 


QuesLionnaircs were 
administered to study subjects or 
next of kilt, which included 

questions on household 
members who smoked regularly. 

Study subjects were interviewed 
in hospital using a standardised 
questionnaire that included 
questions on spousal and 
workplace; exposure, 


Table 2.3 (conttf) 


Reference 
(country, years 
of study) 

No. of non¬ 
smoking eases 
and controls 

Eligibility criteria and comments 

Co variates 
adjusted for 

Source of exposure data 

Lam (1985) 

(Hong Kong, 

SAK. 1981-84) 

Women: 60 eases. 

144 controls 

Cases of primary lung cancer were identified from a hospital in 
Hong Kong. Controls were selected from patients in the 
Orthopaedic wards of the same hospital and were reported to be 
comparable in age and social class to the cases Sufficient 
numbers of cases were available it.» permit a meaningful 
analysis only for adcnocareinomsi. 

Although ilge and 
social class appear 
to have been 

matched tor. ihey 
were not 

controlled for in 
the analysis. 

Exposure assessment used 
interviews of study subjects or 
next of kin, which included 

questions on exposure to 
secondhand smoke from parents, 
spouse or other family members. 

Gnrfinkel et al. 
(1985) 

(l/SA, 1971-83) 

Women: 134 
eases. 402 controls 

Cases and controls were identified from three hospitals in New 
Jersey anil one in Ohio. Controls w ere colon and rectum 
cancers matched In [lit: eases on age and hospital. HoLh cases 
and controls were histologically confirmed. 

Age anil hospital 
i n all ami lyses. 
Logistic regression 
also controlled lor 
socioeconomic 
status ami year ol' 
diagnosis 

Study subjects or next of kin 
were interviewed using a 
questionnaire designed to elicit 
information on exposure to 
secondhand smoke from the 
spouse or other household 
tnembert s). 

Wu et al. (1985) 
(USA, 1981 82) 

Women: 29 
patients with 
adenocarci nomas 
and 62 controls; 2 
with squamous- 
cell carcinomas 
and 30 controls" 

Cases diagnosed by microscopy were identified from a 
population-based tumour registry in Los Angeles County. 

Cases were while residents, under 76 years of age who had no 
prior history of cancer (except melanoma). Neighbourhood 
controls met the same criteria and were matched to cases on 
date of birth. 

Age \ 
smtv ' ...is 

included in 
analyses ilmt were 
not res i • ■ 1 d to 

nonsn • 

A struelured telephone 

questionnaire was used to elicit 
information cm exposure to 
secondhand smoke from spouse 
nr other household members, 
and during childhood from 
household members. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Tsible 2,3 (conftl) 


Reference 
(country, years 
up sUk.1v ) 


No. of non¬ 
smoking eases 
and miin.ils 


nJi^iliility criicriu and cwtintenis 


(. 'ovnriiifcs 
adjusted lor 


Akib-'i et of. 

(1986) 

I Japan. I 07 l-XO) 


l ei- et at. (I 986) 
< Uniled 
K ingdom. 

I <>79_82) 


Sell warty ( 
(USA. 1984-87) 


Women: O-i eases. 
270 controls 
Men: Incases. 

241 Coni mis 


Women: 32 eases. 
< >6- controls 
Men: 15 cases, 

30 controls 

Men and women: 
401 eases. 

398 controls 


Caves and controls were idcnfifieil from a cohort orutumic 
bomh sorvivors in f Firo.si,i,n;i anil \a}iiW:iki. Cases iverc 
identified from tumour. mortality <m<J. .||,vi mcdiciif ivgistr.es. 

< on hols were nialclied to cases by birth. ,w\, city of residence, 
vital staLiis and whether they participated in an annual medical 
programme. »-«r deceased cases, tin: currcspnntfi »|4 eimimls 
were required to have died finm a disea.se ntk-rtiinii cancer nr 
clnonie respiratory diseases, and were matched to eases on year 
of death. 


Cases and controls were mmsmokers idem died from several 
hospitals in England. Conitols were patients who did not have 
hirg cancer, chronic bronchitis, ischaemic heart disgnsepr 
stroke, i wo controls for each ease wore selected mid matched 
on sc*, age, marital •iliUUK. and as ("sir as possible, hospital. 

Cases between the ngosol 40 and 84 years were identified in 
Detroit from an Occupational < sriteer Incidence Surveillance 
Study (OCdSS) in conjunclinn wilh the Metropolitan Detroit 
Cancer Surveillance System. J•njiubni<>i>-based controls were 
randomly selected from the umirols who look part in ||,c 
OCIS.S sunly. Controls were frequency-mat died to eases on 
age. sex. race and comity of iosnIcUco. 


Age, sex. city, s 
year of deal 1 1 


ul Siihjffts or next of kin were 
interviewed using a struct nr ed 
i|iicstionnaiiL' to elicit 
it 1 fort nation on exposure li> 
sc-c oikII iaml smoke from a 


Age, sex, hospital The patterns anil their sjiouses 
and marital status were interviewed to obtain a 
IlixTory of"spousal smoking. 


Age. sex and race 


I deplume interviews were 
conducted with cases (17%) or 
controls i7K%) or their proxies. 

I he questionnaire included 
informal ion on exposure to 
.secondhand smoke at work or at 



Table 2.3 (contd) 


(country, years 
of study) 


Nn f 11011 - 

MTiokmg eases 
and controls 


Idiyiliiiity criteria and comments 


Oovyriatcs 
adjusted for 


Source of exposure data 


llrmvnsiitt <Va/. Women: I ca 

11987) 47 controls 

(USA. 1979-82) Men: 4 cases. 

19 controls 


Gao et a/. (1987) 

(China. J9X4 86) 


Women: 24Ci 
cases. 375 controls 


(.’usesof*mlvmiesiivinuma ami t nnir 
Colorado Central C-onccr Kepis try 
microscopy. Controls were patients 
marrow cancer and were groop-niai 
sex. Cases and controls were requir 
minimum rif ft months in the Dcnvc 
diagnosis. 

Cases of lung cancer were identilic 
Shanghai aged 35-69 from -1 syjttcu 
Cancer Registry, t-einatc controls w 
the Shanghai area and approximate! 


r< <k were identified from the 
AH eases were confirmed by 
s with colon and bone 
ilelicd to cases on age and 
red m have resided for a 
:t metropolitan area prior to 

d anlong female residents of 
11 built upon the Shanghai 
vere randomly selected from 
ly frequency-matched on 


Age and education 


(‘uses mid controls or next of kin 
were interviewed and 
in format inn collected on the 
smoking status of the spouse and 
tb#- number of hours per day 
C'posed to secondhand smoke. 


inti control? were 
■•.'wv<f t«> obtain 


•-on on exposure in 
■d and adullhootl. 


Gcng et at. 
(1988) 

(China, not 
slated) 

F fumble et <il. 

( 1987 ) 

(USA. 19*0-82) 


Kuo et at. {1987) 
(flout! Kong. 
SAR. 19KI S3) 


Women: 54 eases. 
93 controls 


Men: 8 eases, 

130 controls 

Women: 20 eases. 
162 controls 

Women: 86 cases. 
I 36 controls 


Cases were identified among females who had lived for more 
titan 10 years in Tianjin. Oiimi. font mis were matched to the 
eases on sex, race, age and marital status. I lie precise source of 
the eases 01 controls is tun stated 

(. uses were Identified from I he New Mexican Tumor Registry. 
A 11 initial series was selected between I 980 tt nil 1982 that 
included all individuals less Ilian 50 years of age, Hispanic* 
aged over 50 years, and a random sample of nude (40%) and 
female (50%) non-Hispanics over 50 years. 

Cases were identified as pan id"a larger study on female lung 
cancer in J long Kong from the wards mid outpatient 
departments of cigFH hospitals. An equal number of* healthy' 
coni ro Is were selected anil matched to eases on age. district and 
socioeconomic slants (housing ijpci. 


Rthnicity and age 


Age, district and 
housing type, 
formal schooling 
and number of live 
births 


The methods used to collect 
infi»rimilioii on exposure to 
secondhand smoke are not 
described. 

Inlerview s of study subjects 
(48% eases) or their next of kin 
(52% cases) W ere conducted to 
collect information on spousal 
smoking Jin bits. 

Case? and con I nils were 
interviewed to elicit in format ion 
<>o exposure to secondhand 
smoke I font spouses and oilier 
rolittbcH at home- 
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ThIiJc 2.3 (contd) 


Reference 

No. oflKHl- 

f lrgibility criteria 

and comr 

noils 

Covariates 

Source ot exposure tluti 

(eonnicy. years 

smokiny. cases 




adjusted lor 


of study) 

and controls 







film el al. { I 9r 7) Women: 199 
(Hong Kong eases, 35 controls 

SAR, 1983-86) 


Pathologically confirmed ensvs of lung cancer were identified Nope 
from eight hospitals. Coni mis were matched to the eases on age 
and drawn from the same neighbourhood as the corresponding 
eiise. 


Simly subjects were interviewed 
using a questionnaire that 
included questions concerning 
I he husband’s smoking habits. 


Pershiigen et al. 

Women; 70 eases* 

Cases and controls were selected Irniii two cohort studies in 

Age ami vital 

(I1K7) 

(Sweden. 

1963-RO) 


Sweden. The first was ii sample of men :md women aged 15-65 
years in the i960 National Census who were mailed it 
questionnaire on smoking habits in l%3- The second was from 
a Study of Swedish twins horn between 1 886 and 1925. Lung 
cancer eases were identified urili) 19X0 by links with the 

Swedish Cancer Registry and the National Register on Causes 
of Death. Two control series were selected at random from the 
cohort. One was based on matching controls to cases based on 
year of birth, and the oilier oil vilal status at the end of follow¬ 
up as well as year of birth. 

status 

Inoue Sc 

Women: 22 eases' 1 . 

Cases and controls ore from Kumnkurc ahd Miura, Japan. The 

Age, year ol’tlOittli 

Hirayaniii (19X8) 
(Japan. 1972-83) 

62 coitl rota 

methods used to identify the cases and controls were not clearly 
staled. Controls were individuals with cerebrovascular disease 
who were matched to die eases on age. year of death and 

district. 

and district 


A questionnaire was mailed in 
I iJN4 to each study subject, or if 
they were dead, to ihoir next of 
kin (excluding the husband). The 
questionnaire included questions 
oil exposure to secondhand 
smoke from husbands and 
parents. 


Interviews were conducted using 
‘sia mlard quest iormai res *. 


Shimi/n d al. Women: 90 cases. 

(1 9X8) 1 63 controls 

(Japan, m2 K3) 


Cases of primary lung cancer were identified from 4 hospitals Age. hospital ami 
in Nagoya. Japan. Controls were patients from adjacent wards dale of admission 
with diseases other than lung cancer who were tiuuchcil to the 
cases on age and dale of :u I miss ion. 


Participants answered » 
questionnaire on the first or 
second day of admission that 

included questions on exposure 
in secondhand smoke from the 
spoo.se »nd other family 
meinbeis, niuf «il (he workplace. 




Table 2-3 (confd) 


Reference No. nfium- 

(country, years smoking cases 

of'study) and controls 


Eligibility criteria and comments 


Covariates 
adjusted for 


Source of exposure data 


Choi et at. (1989) 
(Republic Of 
Korea, 1985-88) 

Women: 75 eases. 
144 controls 

3 75 patients with king cancer admitted i n Korean Cancer 

Centre Hospital with histopmhologically confirmed diagnosis. 
Two controls were selected pier case matched by age <± 5 
years), gender, ad mission date and area (urban/ruml); patients 
W'ith smoking-related diseases were excluded. 

Unmatched 
analysis of 
subgroup of non¬ 
smoking Study 
Subjects 

Jiilicrich <-t al. 

< 1990 ) 

(USA, 1982-85) 

Mon and women: 
191 eases. 

191 controls 

Cases were identified from 1 25 din gnostic or treat men I 
facilities covering 23 counties in New York .Slate, and frpni the 
Nexv York State cancer registry Cases were between 20 and 80 
years of age. and hud to have been resident of one of (he 23 
counties. Controls were identified from records of the New 

York Department ofMoior Vehicles, and matched to the cuses 
on age, cimnLy of residence and smoking fiislory (i.e. 
nun smokers}. 

Ago and county of 
residence 

Kahntlidi e t al. 

(1 990) 

(Greece. 

1987-89) 

Women: 90 cases. 
120 controls 

Cases with a ‘definite' diagnosis of lung cancer were identified 
Ifom 7 hospitals in the greater Athens area. Controls were 
women hospitalised in Ihe orthopia edic department of the same 
ora nearby hospital. And were* randomly selected from those 
who entered within a week til’n eiirrovponding case Controls 
had in he 3 5 years or older. 

Age. years or 
schooling, 
interviewer and 
total energy 

Coiisllrn ptiOn 


A quest i on naire was 

administered face-to-face 
including questions on smoking. 


facc-to-lace interviews were 
conducted u’iili eases or controls 
or their next of kin. When a 
iioxt-ol-kin interview was 
required, the next of km of the 
matching controls were also 
interviewed. The questionnaire 
included questions on exposure 
(n smoke from the spouse, at the 
workplace and during childhood. 

A questionnaire was 
administered fare-to-face to (he 
Cases and controls that included 
questions on exposure to 
KCi!onil|i;iml smoke from the 
spouse. <idler household 
mem hers and at the workplace. 


> 

s 

o 

7 * 
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Table 2.3 (contil) 


oo 


K« I’crei t l-c 
(. country, yours 

111 fdlli.lv> 


Nt*. ol'110(1- 
pnioking oiisos 

fliul Cl KUlUrlS 


Eligibility criio'iji and (.'-<• nr mviii?. 


Cn variates 

■i< ljuM.nl Jiir 


Source <>I"o.\pi ij;li rv (lain 


Rofletta ct a!. 
(I9WJ 
< luimpe, 

I MSS 


Xockcf t'i ;rf, 

I 199Kb > 

( (icrmany. 
i 9K«-‘JJ> 


Men: 141 eases. 
531 cmunils 
WdiHRi. sox 

CilSt'S. I II I I 

cm urn Is 


Men fitKl ivoincn: 

?1 eases. 230 
controls 


nnd c "" ,rols < 7,1 I’l'agi: anil had smoked 
***’ “HKCBI** in their lilelinies. t ■;«.-« wm , irfcnCiPed lh.n< 

12 lertri's in ■even Cnroni-nr ......hies mii.j Slo% wt , rc 

... .'"Mim'd by mien,so,(,y , ,w„,|. WK m , sp iv,l-hns.<l in 
""" nvmpcs . 1 „.| in niters. Hnspital-I,ascii 

controls were cliiMcn .<• escln.lv ll.nsv ith other rlissescs 
rehlti-d lo Smokiny. C\>i..n,u„i..ml enmmls were (Ira.vi. 
'"".I pi.|lliliili..n resisiries. ( oruroli uvrv nu.leli.-il I,, on 

. .. vni.'pi'uHsid.u.l ... l. I.ii.o in soiuceeiilresaml 

lrsi|.ivney nudeh i. t ii, i.lhi-n. UuesiH.niu.irv response rules 
rmiyeil Iron. 53 to u 95<!', ei.e-pi lor .5 evntrvs who had response 
(ntcs ■« 50% among conlvolj.. 


Sex. ago ntul 

cl litre 


l )l» and cnnln.ls were also n pun of the mudy by BolVella 
or uJ <1WK). Nonsinokcrs ulc-.liricl rroni a larp.-r case- 
coi.tml study Hon. are,™.. IY.„,kH,ri „,„l the sorroui.dillg 
areas C'onlrohs were |i,,pul.luised anti jnaLcl.cd to lire cases 
on cex, ago and region. 


Sex. age. region, 
exposure to 
ashestns. sue in I 
class, and intake 
of vegetables smd 
fruits 


^ucKikmnatrf on exposure to 
s:'cimdliLind smoke Irom spouse. 
■ Iiii'ii1 55 c.'nidluxid, in <he 
kpiucennd /‘man other 
Miiirt'Os was developed based on 
ii previous study of nri^o 
colininc levels and 0XpO.«tiru to 
seLiiiul.h.-md Miinkf including, 
snml.u: from cigar dints, cigars 
iiti'.l liipcsas .vcJl as eigareltcs. 


C ompalihlc with L|uc.i1jiiniijirc 
used in .study hy Rof'cUa I99K, 
Individuals who had never 
smoked regurnrly for more than 
(' months were classified as 
*nt:ve r -smokers*, anti were 

..^inctl with workers exposed 

lo low levels t»f scconcihufHl 
.snuikr (' 75lh percentile) to 
Ii* in the icJcrenl group. 




Tabic 2.3 t>ontcl) 


Kcfm'nu: No. of non- Eligibility critctia and comments Covariales Source of exposure data 

Cemiutr-. years smoking cases adj usted for 

of study ) und controls 


Shen ft <tf. (1998) Women: 7f) eases. Cases 'trf primary lung cancer (adenocarcinoma.} living > 20 

(China. 1993 ) 70 controls years in Nanjing; healthy controls came from the same 

neighbourhood. I :l matched by sex and age (± 5 years); 
response rale wus I ()()%. 


/arid/c ft ctJ. 
{ I99S> 
(Russia, not 
reported ] 


Women: I F lisltflogically ecm Mimed iviucs ol prim.iry lung cancer were 

cases. .15S controls identified in (\vy cancer lrcannum hospitals in Moscow. 

Controls were female oncology portents from the same 
hospitals who (lid not have lung or upper respiratory cancers. 
Cases and controls were required Ui he uonsmokers who lived 
in Moscow. 


Chronic lung 
disease, cooking 
conditions, family 
history of" hung 
cancer 


Standardized qucslitinnaire 
administered by trained stafF 
covered exposure to secondhand 
smoke lor the 20 years 
preceding diagnosis: no. of 
cigarettes smoked/day. no. of 
years i>Texposure lo secondhand 
smoke. 


Age and cdiicsition In-person interviews were 

cn'ulueied within 2--3 days of 
hospital admits inn; they 
included questions on exposure 
to secondhand smoke in 
adulthood nnd childhood. 


liofibiti. ft ui. 

^ I 999; I) 

(Hu rope. 

I 9 SK- 94 ) 


Women: 2 OX Same si s HolTut:a ft at. ( I 99.4) ex cep-: dial results arc strati Tied Age nnd centre Same as I3o0ctta ct of. (199H) 

cases. 30 I controls by type of exposure to secondhand smoke (cigarettes or cigars, 

cigarillos and types) 


TVofTcUsi tf{ u/. 
(1 999h| 
t Rii rope. 

|9'M 90) 


Men; 4 ca>tcs. 

4 1 controls 
Women: 1*6 cases, 
137 controls 


Histologically cot:firmed lunj idennc.ireinomas were itlenlifieii 
from 9 centres in 7 countries :i >m a larger study designed t<i 
assess the role ul' hiornad ■ > I 'iiitltl^ in lung catuer 

among. m»n situ ike is. ( onli led Irinn iitwismokci s 

in the so u ice pupu I nitons nr ii l> ' :>i d pulienlK. CniUruls were 
'VoqiicncY-matghiril locusts on ■■ anti i;ciu(gr- 


Age, gaulcr. and 
centre. Some 
models also 
included ui bail 
residence, 
edinfllion and 
occtipalinnnl 
cx|v>sme. 


lixpixnm: to Scci*iidh,iini smoke 
was assessed using the same 
quest ionnasrc as in Uoflclta ft nt. 
< I9‘JK>. 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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TaJilc 2.3 (contd) 


ftirferuncc 
(country. years 
of study) 


No. of nun- 
smoking cases 
and controls 


Eligibility criteria ami <ci>m merits 


< ovarialcs Source i: I'exposure data 

adjusted for 


Kapiti t>! it/. 
f I 999) 

Undid. 1091 */2) 


t'f rtl. 

(i ‘>*>y, 

(China. 1992-94) 


Brennan ct at. 
( 2(3001 
(liuntpc, 

I W4-%) 


Men: J 7 coses. 

5<» cnniml.s 
Women: <1I cases. 
67 controls 


Women. 

504 discs, 
601 cunt mis 


Subset afcusc$ 
and controls from 
centres incfaded in 

nuirctisi ift ii/. 

< i 9<JR j for whom 
dietary inlnr- 
mid ion wits 
avciiluhlu 


Hrstclogically or cytolngicnfly onUiuncii eases of primary lung 
esniuer ivuro identified in u lu-xpitjil in ( li:„i<iii;,, r h. Northern 
fn<iiri. Two Contois were RekeKd lor each Citsc. One control 
v '" ls - a patient nl the same hospiinl who \»tis noi hospiialiped ft ,r 
more limn ;i month and did not rune a disease related to oclrve 
ni paxMVe Minfin,., nlc.'ittl ...diet- I he utPu-r cnnlml wax a 
visitor oi (he patient, No mtuclirug iifeases and cunlrnjs was 
performed. 


Sos, age. religion 

ami I evidence 


I rn i‘i \ i cv. s < ■ f s» i lij cc i s were 
coinloeicil tfitil Included 
iHU'M.miis on exposure to 
wcimdhnnri smoke from (Fu: 
spouse, at die n«i'fcp|;icc ;ttl<l 
during childhood. 


( uses of primary hn»|_* cancer-d AS fv*J >V tils were idctltjl li/d 
Ircmi the .Shanghai Cafleet registiy. (Vmtrois were randomly 
selected from a Shanghai residential registiy and fretfiicncy- 
male lied lo Hie age distribution of female lung cancer patients 
in Shanghai in 1987-89. 


Same ns Bnffclta itat. (199S). In,( omdyscs were restricted io 
centres that had informal inn on subjects’ coiiMmiptiun of fruit, 
lettuce, tomato, CiUrol, cheese, carotenoids. JJ-cnrotcue or 
retinol. Analyses were stratified hv high and low consumption 
ol these dietary vat tables, Mid high and |«.y, exposure to 
sircLmdliand smoke. 


Age. ineuiiie. 
vinnnin C intake, 
kitchen smokim 
family history ol 
lung cancer, and 
pnteminlly high 

risk occupations, 
anti respondent 
status 

Age. gender and 
Curtlrc 


I'• 1 ‘ *‘1111 interviews with study 

■ 'ii ,• .i i | heir next of kin 

* ’ niroJs. and 20.2% 

h' 1 • Uie interview 

ri In i . J -.jii- ....''ins on exposure 
to . • nrulfiand smoke from iho 
xpi .l.-.c, .a ihe workplace ami 
tin ring childhood. 


-Same as Hoffrlta c-r <,/. (1998). 
High espr*fcure to secondhand 
smoke was defined as being in 

the upper cp.iartiJc from 
rnnihiiiiil spousal mid 
irorkjiliio: exposures. 


C? 


PS- 'lffi , 1 IKt S' • ... . tgFT 1 


Table 2..1 (contd) 


Rcltruicc No. <’1-11011- liligihitily criu-riii ami eiuwncnU 

(ecumiry, years smoking cases 

of study) and controls 


KreuTicr c ft of. 
(2000 > 
(Germany. 
|W 96) 


I ce tv at. 

(i_'hiil:i (Pro 1 --ilice 
of Taiwan). 

1992 -98J 


Men and wijmen: 

292 cases, 

1.138 controls 


Women: 

26S eases. 

445 control* 


An extension of ticCiemian putt of ihe l r .nropir<uj nuilticcntre 
study (Botfeitp it a/.. 1998). The cast’s and controls were a 
subset of non smokers from a larger study of radon exposure in 
Germany. Cases were identified floor I 5 hospitals in Lhc study 
area and were restricted to those who wvre < 75 years of age. 
resident in the study urea: had lived I or •' 25 years in Germany: 
intcrvfc’-'cd within 1 months ordidgifwiv. and not luu ill 
l" ant rots satisfying the first three criteria listed above were 
idemiHod from mandatory registries nr hv modified random 
digit el in I ling and were fret|Ueiiey-iiialvhod to the cases oat sex. 
jige line) region. 'Hie response rate itt die eases was 76%. Tint 
thiil of lhc comn>:s was only <41 %. 

I listoUigieally verified cases were ttli“Hificd Irom Kaohsitmg 
Medical University Hospital in Tniw mi. C nulrols were patients 
’.\ifii ctaidiiiuns unrelated m lobiKTO snwiking who were 
selected within 3 weeks of Hie case ;idmission from the same 
tiospilal. and matched oil <igc. 


f.ovariaios Source nl exposure data 

adjusted Ittr 


Age. region. Same os I lo I tel la c/ a !. (19944) 

gender: some 

models included 

occupational 

exposure, 

exposure lo radon. 

diet, family history 

of cancer, previous 

ron-mn'.ignant 

respiratory disease 

and si'cial class. 


Age, UuLC of 
hospital 

a d miss it,m. 
residential area, 
ccluculon. 
OecupuLion, Luher- 
culosis, cooking 
dels r,nd presence 
■ >I ;i fiond exirueior 


In ten iews were Concluded using 
t -sirj-euircd cpiestiormaire 
designed to elicit in Ion nation <‘n 
exposure io secondhand smoke. 
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Tiihlc 2.3 (could) 


KoiCfOiWC Nu.ofiKMv Eligibility criteria and r.onuiirnK 

{country, years smoking eases 

xil study) and control 


(.’«■ var iulcs Source • >1 exposure dnlu 

udjusiL-il for 


Wong el ol. 
( 2000 ) 

(China. |V l M- V8) 


Johnson ft <ti. 
(2001) 
(1‘snmlo. 
t^H 97) 


Krcuzer »'/ t it. 
(200 I > 

((icrinony, 

1 our» -«><i ) 


Men: 23 cases. 
1314 controls 
Women: 

200 cases, 

407 controls 


Women: 7 l casts, 
7<*l controls 


Men: 5K eases. 
803 controls 


Cases of lung cancer who were ngt-.il 3»-7S years and residents Age. sex and 
* 5 1 Pingliang nr Qirtgyang prefectures weiv identified from prefecture 

hospitals and clinics in these ami neighbouring regions. 

Civiirols were randomly .select«**I front l«W» census lists for jhc 
7 prefectures nntl frequency nunchod to i-iixo; on age. sex and 
prefecture. 


(. uses nl hisitilcgictilly confirmed primary hntg cancer were 
idcmilicd Irani n ualwuuil cancer sitociH-.invc system t|r,it 
covers Xitl C'suiadii*s HI provinces. In fixe provinces cimlnih 
were ulent:lieJ Irons health insuisiitee plans. ir> one front 

property assessment ckiUibaso. an:F m two using nuiiUiiti digit 
r.liafmg Cun Ire* Is were Crcqticiicy-rrmlclictl to the expected 
disvriVHjlion ttfcfiTtcer eases hy age liikI psi'\ nice. 


Aye. province, 
education and fmil 
and vegetable 
Coiisum pi ion 


M;ime as Kreu/er<•/|2(H1<>) except llijil analyses were 
rest tie toil Jo men. 


Same ns Kreuxer 
<•/ at. (2000) 


In person interviews were 
conducted wiili cases and 
controls or with their next of kin 
when necessary. The 
■.guest Iom mi tv iiieluilccf questions 
on exposure to secondhand 
smoke during adulthood, 
chi kllioml anil in the workplace. 

Mailed kpicstionnaires were 
completed by eases and controls 
except in one provinee where 
next of kin complete<l them. The 
questionnaires included 
questions on exposure to 

secondhand smoke at work, at 
home and during childhood. 

Sume ns do Melt a ft at. ( I »>i>8). 
Results only presented for low 
and high exposure to 
secondhand smoke where high 
was defined sis having greater 
lit in the 73ih percentile of 
cumulative <1 n rat ion of exposure 
weighted hy a subjective in ilex 
of ml cosily. 


* t gPJ n Off!) ■ W JBW 






Table 2.3 (coiltd) 


Reference 
fcountry, years 

Of study) 

No. of non¬ 
smoking cases 
and controls 

El igihi liiy criteria am! comments 

Covariaies 
adjusted for 

Source of exposure data 

Kreuzcr et at, 
(2002) 

(Germany, 

I990-9G) 

Women: 

234 cases, 

535 controls 

Same as Kretizcr et at (2000) except that analyses were 
restricted to women 

Same as Kxeuzer 

et al. (2000) 

Same as Buf fetta et af. (1998). 
Results only presented for high 
and medium exposure Lo 
secondhand smoke versus low or 
non-exposed. High was defined 
ns having greater than the 90th 
percentile of cumulative 
duration of exposure, and low 
was (tanned as having less than 
the 75lh percentile. 


r This study presented results separately for patients with adenocarcinoma ami for patients with squamous-cell carcinoma. However, the numbers for the squamous- 
cell carcinomas were too few to prcscnlmcaningfi.il results for secondhand smoke in non smokers. 

h All hough this study did match cases to controls on several potential con founders, an unmatched analysis was published. 

1 The study had a total of 1 R4 controls in each of the control groups. However, it is unclear how many controls were used in the analysis of exposure to secondhand 
smoke because several ca^cs (and presumahty their matched controls) were dropped from these analyses. 

" Information on spousal smoking habits wa|> available lor only wjmu of the cases nnd controls. The actual number of cases and controls included in die analysis was 
not reported, hut was smaller limit iho given Mumhers. 


< 

O 


> 

3 


cn 




o 

S 

Cl 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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The study from China by Sun et al. (19%) included 230 cases and 230 controls. The 
study cortrollcd for age and education, but not for burning of coal and frying in oil. 

The study of Lee et al. (2000) from China (Province of Taiwan) included 268 cases 
and 44? controls and was an extension of the study of Ko el al. (1997). Detailed infor¬ 
mation on exposure to secondhand smoke was collected, and nonsmoking status was 
verified hv household members. Potential confounding by age. education. Occupation, 
cooking fuels and other factors was allowed lor. 

The participants in a European multicentre study included 650 cases and 1543 
controls from 12 centres in seven countries. Potential confounders such a; occupational 
exposure, socioeconomic statu- and intake of fruits and vegetables were taken inn 
account. The main publication was by Boffetta d al (1998). but additional analyses were 
made of effects of secondhand smoke from cigars, cigarillos and pipes (Boffetta et ai.. 

199%) and of exposure to secondhand smoke and diet (Brennan et ai. 2000). In addition, 
the data from some centres on specific aspects have been published separately and in 
some cases with additional data (Germany: JocTtel et al.. 1998a.b: Kreuzer m al.. 2000, 
2001.2002: Sweden: .Nvberg et al. 1998). 

T he study of Zaridzc etd ! 1998) from Russia included 189 cases and 358 controls 
Information on exposure to secondhand smoke in the family and from colleagues at work 
was obtained, and potential confounders (age and education) were considered. 

(/■) Kx/wsm' to secondhand smoke from the partner 

Tabic 2,2 shows the retail' e risk for King cancer associated with exposure to second- 
hand smoke from the spouse. Taking the crude relative risks, or the adjusted estimate- 
when the crude ones are not available | in any event, the crude and adjusted estimates sv 
similar! 25 of die 40 case-control studies of nonsmoking women showed an increases 
risk: ihe results of seven of the 25 studies were statistically significant (Jrichopolou.- 
el at. 1983; Lam, 1985, Lamer ai.. 1987: Geng ei a/., 1988; Tontham etal. 1994; Zaridzc 
cl ai. 1998: Lee el al.. 2000). In studies of nonsmoking men, five of the nine studies 
showed an increased risk, although none were statistically significant, 

Exposure response relationships 

Several studies reported the risk of lung cancer associated with increasing levels o 
exposure, in particular, the number of cigarettes smoked by the spouse per day. the 
number of years of living with a smoker and pack • years, these studies are listed m Ta:.-. 
2.4. Because most of these studies were relatively small, they would not have !>?•- 
sufficient statistical power to find an exposure-response relationship. Eight studies fount, 
a statistically significant trend \p value < 0.05) between lung cancer risk and the numlw 
of cigarettes smoked by the spouse (Tnchopelous et d. 1983: Hirayama. 1984: Oarlinkc- 
ei d. 1985: Lam et al.. 1987: Geng et al.. 1988: tnoue & Hirayama. 1988: Liu d «'• ■ 
1903 : Cardenas er al. 1997) and one other found an almost statistically significant men- 
(Akita cl at., 1986: p - 0.06 1 . Six studies found a statistically significant trend (;> 

(i. 05'1 for lung cancer risk and the number of years of marriage to a smoker (Oae 1 


Table 2.4. Relative risk of lung cancer in lifelong nonsmoking 
women comparing those with the highest exposure to secondhand 
smoke from a smoking partner to women with nonsmoking part¬ 
ners (the relative risks are ranked in ascending order for each type 
of exposure) 


Reference 

Exposure lew’ 

Relative risk" (95% 

Ciartinke: u'fih) 

Nu. uf cigarette* sinukcd 
per day by the spouse 

a 20 

1.1 

C«-i.h) 

Kabai aal (1995; 

>19 

1.1 

10.5-2.3) 

Humble cr al. (1987) 

>21 

1.2 

(03-5.2) 

K .00 et ai (1987) 

>21 

1.2 

(0.5 3.0) 

UofTrtta rial 1.1998) 

>18.1 

1.3 

(O.S-2.2) 

Wang ei til. (1996) 

>20 

1.4 

tO.S-2.6) 

Zhcine el al ( 19991 

>20 

1.4 

(0.7-2.6) 

Jtt el al. ( !999) 

>20 

1.5 

(11.7-3.3) 

Du cl al. (1993) 

>20 

Lb* 

(O.S-3.2) 

Kalandidi eta!. (1990) 

>41 

If, 

(0.5 4.6) 

Hiravanw ft 984)' 11 

2 20 

1.7 

(1.1-17) 

Cardenas ft al (1997) 

>40 

1.9 

(1.0-3.6) 

Trichonoulosi’/ui. il l )8;) 

> \ [ 

1.9 

(0.7- 5.0) 

Akihaivra'. t N8(') d 

> .to 

2.1 

! 1.7-16) 

Gaifmkdrru/.iivs?) ■ 

’> :<) 

■> i 

ri.l-.til 

Lam ei at. i 1987 1 

>21 

_7l 

il.l 4.0) 

Gtfntl it o:. {1^1 

>20 

2.S 

(1.9 4.1) 

Liu era/. (1993) 

>20 

2.9 

(1.2-75) 

Persharen era/. (1987) 

> I6 C 

' 2 

(1.0- 9.5) 

lnoue k Hirayama (1988) 

>20 

3.4 

0.2-9.7) 

Bidder era/. (1984) 

No. of years »f marriage in 
a smoker 

>83 

0.9 

(04-2.3) 

Sun et a/. (19961 

>35 

0.9 

10.5-1.7) 

Hoffeia eiol. (1998) 

.-.->43 

1.0 

(0.7-1;7) 

Cardenas ei nl. (1997) 

>3(1 

1.1 

(0.6-2.11 

Wane « al. (1996) 

>41 

u 

(0.4-341 

Zhirnov <j/.(l twI) ) 


1.1 

(0.7-1.81 

Duel at (199.-) 

>30 

1.2 

(0.6- 2.3) 

Fontham cl ol (1994) 

>31 

1,2 

(0.9-1.7) 

Akiba mat (1986)' 1 

>40 

1,3 

(0.6 18) 

Zaridzc cl al (19%) 

>1? 

1.4 

(3.0-2.1) 

Gaonai. (1987) 

>40 

1.7 

(1.0-2.9) 

Kalandiciba/. 11990) 

>40 

1.4 

(0,8-4.3't 

Wu el 8/(1985) 

2 31 1 

1 /‘j 

NA 1 ' 

Humble era/. (19K?) 

227 

2.1 

(0,7 69) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2.4 (contd) 


Reference Exposure level Relative risk 1 (95% Cl) 


Choi ad 119891 

>41 

2.3 

(1.0-5.6) 

Stock-well n#l.(199:i 

>40 

2.4 

(1.1-5.31 

Jec era'. (1999) 

> SO 

3.1 

(1.4-6.6) 

G.'nc:’.'<j/.(1988) 

>40 

3.3 

(2.1-5.21 


No. (if pack-) tars af 




exposure 1 ' 



Rapid ei al. (1999) . 

> 128 

0.4 

(0.1-1.8) 

Kreuzer el at. (2000)' 

>23 

0.8 

1.3 

(0,2-3.1) 

Brownson ci a! (1902) 

>40 

(1.0 1.7) 

Roftcnaetn; (1998) 

>23 

1.5 

1.5 

1.8 

(1.0-2.4) 

Cardenas rid (1997) 
Fontham el d. (1994) 

>36 

>80 

(fi,8-2.6) 
(1.0-3.3) 

Lee era/. (2000) 

>40 

3.3 

(1.7—6.2) 

Correa et d .(1983) 

>41 

3.5 

[1.2-10.2 


* R ale ratios .for culion studies (Garfinkel (19811, Hirayam (1984). Cardenas <1997) & 
lee 11999 )): otitisis?" fin ■'C-i'nimol smH.es (all the other studies)-, adjusted relative 
risk, wheretiolavailar• :r jc. . tive risk 

’ i\’''ill's arc irom an anal .■ ,ie noiMumom controls. The paper also present* results 
,, V1 ,. controls with tmnoi' • ■; otherthan lung (odds ratio-1A f, 5% O. '• 

‘ The results are from Tank - .4 tlinjama iWk which w« adjusted by the wife's 

'The report presented 90% CIs: 95% CIs were estimated lor this table. 

5 For >30 years of marriage 

1 Years of exposure for adults (from partner and at workplace) 

SNot available or estiimlable from data presented in the paper 

* Pack-years - number of packs of cigarettes smoked daily by the partner x years of 

smoking r 

1 Some of the cases and controls reported on in Kraster el at. (2000) were pan or 
another study included in this table iRnfleita a a/.. 19981. The results given here tor the 
study by Kreuzcr are bused on those cases and controls that were not pan of the study by 
BolTetta (personal communication M. Kreurer). 

: Cenfiecncc intervals in bracket? were not given in the original report and were esti- 
niiiird for this table using an appioximate method. 

1987: Geng el «/., 1988; Stockwell el d, 1992; Fontham et al., 1994; Cardenas & d. 
\Wr Jee et d.. 1999) and the results of two Olliers were almost significant (Kalandi ! 

ei al., 1990; Zaridze el al ., 1998: p value = 0.0; in both). 

Table 1 i shows the increase in risk in nonsmoking women who have the highest let c. 
of exposure accord,tig to each measure. All 20 of the studies that reported on the number 
of cigarettes smoked showed an increased risk in the highest exposure group, and sever 
of the studies reported a doubling of risk or more. Similarly, of the 18 studies that looker 


involuntary smoking ]257 

at the number of years of marriage to a smoker all hut iW k j ■ 

Ik. *. exposure mv „ r ; p «, M — ”* « 

exposure to secondhand smoke from partners. Pmem of lun? cance < a,ld 

(t) Lxpmmv lo secondhand smoke at ,he workplace 

* r 10 a, me 

positive association and othm^ot" Onl ■ '*** * ilh ^ « 

association between exposure to secondhand! 3 stallst|ca,, y significant 

cancer (Reynolds a al 19961 Vfanv nf ih M lhe "’ 0Tkplace and risi < for lung 

Exposure-response relationships 

mZIfl relationship 

amci. i.h,h ,„ F '»-»“«™i i« i.4 

16-20 or > 30 vear -hr l r hjrf bCtn ^posed to secondhand smoke for f-is 

wh «* is most likely a better index nf exposure ,b a ° f ' ve,ghfed ex P° s ™'- 

of21 (9x% n i V i v ..., , ' ,. p , e hjn duratl0n - A significant relative risk 

i==5S= 

’* In “” s 

22;fnr 10 ■—-« 
sshs* * * omi <* »tSs,«s 

w “ vtuisidered'niere 0f ? M ™ rlie,s who smoktd 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Table 2,S, 1 he relative risk for lung cancer in nonsmokers exposed to 
secondhand smoke at the workplace compared with nonsmokers who 
were not __— 

Rclcmcc Stto:a.hj«K No.of Relative risk Tor liui|! cancer Cl) if 

cases exposed ai lire wurljil acr 


Kuhn' t'l ni. 11W) 

Kcki ii til. [) VB4) 

Cjarfmkri tv ul. (i9&5j 
Wu ct al. (1985) 

Lee ct al. (1986) 

Butler (\m) 

Shimizu ct a!. (19881 

Wu-Williams ct al. (19 90) 
KahaUJ til. (1995) 

Rcvnolrfs i*t n‘. (1^6) 

Sen wars vetai, (W) 

Sun r f ulJ 19% i 
Wjng iY >il. i1 l| %i 
Bortaw iv iii. OWKJ 


Zaridzu c' «i/- < ,w 
Bn [Telia ft ' 
Rapili w iff. • 
Zhang ct a •l"- 
Krenzer et ul. (2'. 


Lee ct al. (20!Kl) 
Johnson W ul. (200 JI 


\R. utK ]C|>o:lud 

‘ RmiIis shown arc fw exposure- oi it lire privudui! 25 wars _ 

• Ita* are for adctiucarrinmiL There »av no ft* c«* in this nod; to pcn»l an analyos tor squama 

carcinoma *k other histological types. ir.iaiwiiriitf al 

> TV ? 5 % Cl was not reported. ll was at muted using .lie average standard emir taken from Kali 
, l Wt) and Nvhcrg <. «l i 190S), boom ah three studies included similar numbers ol cases otluiig came, 
v The reported result was 1,1 <m Cl 0.9- I .fit: the authors reported the com*. esttnra.cS ,n ««» 

■ ol'ihe rases and controls in the study hy Kff*r ft of. (*>«*•* " f * 

,his table (Bolteria ef ul.. I'WSt. The results given here are bawd on those rases and controls the. »er 
the stuilv by fjcrfn.ua a d. [personal comimmiraiinr. \l KrsuzcrJ. 



imvr 

Crude analysis: 

Adjusted analysis 

Skn 

25 

3.3 [i.9-10.6] 

\R 

Women 


a" [iii- 1 . 5 ; 

NR 

W<>»:R 

SS 

1 1 [t 1 . 5 - 3 .ol 

NR 

Women 

7(j 

NR 

0.9(11.7-1 .if 

Women 

59 

NR 

1.3 (0.5-3.3f 

Men 

10 

1.610.4-6,(1] 

nr 

Women 

15 

(l.fi [0.2 231 

NR 


fi 

NR 

1.0 [0.2—5.4] 

Women 

? 

NR 

0.98 [ft.2-5.4j 

Women 

90 

1,2 [0.6-2.6] 1 

NR 

Women 

89 

1.4 (tl.S-2.Sl 

NR 

Women 

415 

1.2 [!.0"l.fi| 

L2 (<)>!.M 


41 

NR 

1,0(0.5-2.11 

Women 

58 

NR 

1.2 (O.fr-2.1) 

Women 

528 

1.4 [], 1-1.7] 

t .6 (1.2-2.0] 

Men - women 

2^; 

NR 

1.5 ll.0-2.2l 

Women 

231 

NR 

1.4 

W omen 

Men ■ «('■nr.il 

i ■>* 


MR 

tiH' 

6i 

1.2 to.9-1.5 1 

Men 

HI 

i.::o.r t.s] 

NR 

Women 

?U9 

|,J [i.O-li] 

1 .2(0.4 l->) 

Women 

189 

1.0 [0.7-16] 

11.9(0.6-1.4) 

Men - »oincn 

7(i 

1.2 [0.7-2.1 ) 

] .0 i0.5-l.81 

Men- \>omen 

58 

NR 

l.t (0.54.11“ 

Women 

504 

1.4 [1,0-1.81 

1 ,7(1.3- 2.3) 

Men - women 

pt 

0.7 [0.5-1.01 

|.l (0.7 1,7) 


25 

0.51042-131 

NR 

Women 

100 

l.l [0.7 1.7] 

t.4 (0.8-2.21 

Women 

268 

1.2 |0.7-i.9] 

(1.9 [0.5-1.7] 

Men - women 

255 

NR 

lilOloJ) 

Women 

71 

1.2 [11.7 2.01 

NR 
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j-4 and > 4 co-workers who smoked, whereas there was no increase in relative risk with 
increasing numbers of years of exposure to secondhand smoke. Risk estimates were no! 
affected when analyses were restricted io personal interviews excluding proxy interviews. 

it summary, the studies in which exposure-response relationships were analysed 
generally revealed an increase in the relative risk for lung cancer associated with exposure 
to secondhand smoke at work and statistically significant increases in relative risk in 
those groups with the htghcst level of exposure. The associations arc strong in studies 
With better assessment of exposure and other aspects of study desiun. 

(iti Fxposwe during: childhood 

T J b ! f u i es 0,1 expnsure t0 sc ' CQndhand sm ° k e during childhood are summarized in 
able 2.6. The results of these studies have been somewhal contradictory. Out of 2.3 
studies, only three studies of exposure from the mother reported a significantly increased 
relative risk (Brownson el a!., 1992: Sun el ai., 1996: Rapid a aL 1999) and two studies 
, - reported a significant increase in relative risk related to exposure from the father or either 
r parent (Sun et al, 1996; Rapid c; a!., 1999). One study found a significant inverse asso¬ 
ciation with exposure from the father or either parent (BofTctta eta!., 1998). 

%i Exposuiv-response relationships 

The study of Wang et al. (2000) observed a significant trend (p < 0 . 01 ) with 
"releasing pack-years of childhood exposure to secondhand smoke with odds ratios for 
men and women combined of 1 . 0 .1.4 (95% Cl. 1.0- 2.1). I.X (95% Cl. 1.(1. 3 . 3 ) and 3.0 

R^fr ^ ! ■ l !' 8 ’ 9) * 0r < *’ a,ld - 20 pack-years. In contrast the stttdv of 

Boffetta cial tm) suggested a negative trend for cumulative exposure, which was 
statistically significant for all subjects combined (j> = 0 . 02 ). 

In summary, there is no dear indication that lung cancer risk in later life is associated 
with exposure to secondhand smoke in childhood. However, an important problem in 
interpreting these studies is the very poor quality of the assessment of exposure that 
occurred 50 or more years in the past. 

? W Exposure from other sources 

| Few studies have addressed exposure to secondhand smoke from other sources. 

I ^ zer et al - (-M0) reported a significantly increased relative risk of 2.6 (95% Cl 
4-^ ^ Pnr ex P 0SUre i» vehicles in the highest category of weighted duration of exposure. 

| 7 ier stlldies llave citl!er 1501 addressed Ihese other sources of exposure or have cousi- 
Rdered them only as part of a cumulative exposure from all sources. 

K. in summai * insufficient data are available lo evaluate the risk from exposure to 
■pcondhand smoke from other sources. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Table 2,6. The relative risk 1 for lung cancer in nonsmokers exposed to second¬ 
hand smoke during childhood compared with that in nonsmokers who were not 


Reference Sex of subjects No. of Relative risk (95% Cl) for lung cancer aceoidiogio 
cases of exposure during childhood 




lung 

cancer 

Mother 

Father 

Either parent 

Gariliihvl cr at. 
r 19S5) 

Women 

134 

NR 

NR 

09(0.7-1.1, 

\Yu cf ,('.(19851 

Wo me a 

29 

NR 

NR 

0.6 Mi 3-!."i 

Koo et al. 

(1987) 

Women 

88 

NR 

NR 

0.6 [0.2-18] 

Pershagenefa/. 

(1987)" 

Women 

47 

NR 

NR 

1.0 (0.4-2, ?) 

Shimizu etetl. 
(1988) 

Women 

90 

4.0 f 1.0-15-7]’’ 

1.1 [0.6-2.0] 6 

NR 

Svensson et al. 
(1989) 

Women 

34 

3.1 |0.7-I4.0] 

0.9 [0.4-1 9) 

NR 

Janerich d al 
(1990) 

Men J women 

191 

NR 

NR 

1.3 [09- | 

Sobucf1990) 

Women 

144 

l .4 [0.8-15] 

0.8 [0.5—1.2] 

NR 

Wit-Williams 
/•; at. (19S0t 

Women 

417 

0.9 (0.7-1. ]i 

1.1 10.8-1.4) 

NR 

Browison H a!, 
(1992) 

Women 

431 

NR 

NR 

0.6[0.;-OS) 

Sloe kwelt ei al 
(1992) 

Women 

210 

' 1.6(0.6-4 3) 

1.2(0.6-2.31 

NiR 

Fumliaiu et o' 

Women 

651 

0 9(0.7-1’) 

0.9(0.7-1.01 

NR 


(1994) 

Rabat tv a!. 

(19931 

Sun eta!. 

(1996) 

Wang t 'l a!. 

(1996) 

Zuridze et al. 

(199R) 

Bofifelta el al. 

(1998) Men 

Women 
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Table 2.6 (contd) 


Reference Sex of subjects No,of Relative risk (95%CI) for lung cancer according to 
cases of exposure during childhood 

lung- - 


. * 


cancer 

Mother 

Father 

Fither parent 

BofTenn eitJ 
(1999a) 

M en + women 

67 

0.3 (0.1-1 1) 

0.6(0.3 t.0) 

0.5 (0.3-0.9) 

Rapin' et at. 

Men + Mirren 

58 

-5.7fl.3-25.6J 

4.5 [2.3-8.81 

3.6 [J.ft—6.9] 

(1999) 

Men 

11 

- 

0.2 [0.0-1.7) 

0.2 [0.0-1.5] 


Women 

41 

7.7 [1,6-37.2] 

I2.6[4.9-32.7J 

8.7 [3.6-21.2] 

*. Zllong el al. 

■: (1999) 

Women 

504 

NR 

NR 

1.0 [0.8 -1.3] 

• ; Kreuzer et al 

Merit women 

123 

NR 

NR 

1.0 [0.7-1.5] 

: 2000/ 

Men 

23 

NR 

NR 

0.97(0.4-2.3] 


Women 

100 

NR 

NR 

0.9 [0.5-1.4] 

jecet at. 

■ ,2000/ 

Women 

268 

1.5 [0.6-3.9] 

1.2 [0,9-1.6] 

NR 

.- Nmgdal. 

Men + women 

228 

NR 

NR 

1.4(1.11-2.0] 

” • '2000) 

Men 

32 

NR 

NR 

1.7 [0.8-3,9] 


Women 

196 

NR 

NR 

1.310.9-1,9] 

Johnson et al. 
(200)| 

Women 

71 

NR 

NR 

1.3 [0.8-2.2) 


£ NR, not reported 

; 1 The crude results are given in the table and where these were not available, the adjusted ones are 
given. 

2, * Only the p value was reported ip < 0.05 mother, p > 0.05 father); the Standard error used to estimate 
V the 95% Cl was taken to be the same as in Nyberg a al. (1998) because both studies have a similar 
j number of cases. 

" ' There were no exposed cases and controls, and thus the odds ratio is undelined 
•/Results from an analysts that excluded cases and controls that woe included in Bolfctta et al. (1998) 

' The adjusted results are for children whose parents smoked in theit presence whereas the erode results 
, ik for having a parent who was a smoker which is consistent with the definition user! in the other 
studies. 


Men 

Women 

Women 

Women 

Women 


40 

NR 

NR 

0.9(11.4 !9l 

69 

NR 

NR 

1.610.9. 

230 

2.1 (1.3-3.3) 

2.4(1,6-3.5) 

2.311.6-3 41 

,35 

NR 

NR 

CJ.9f()-r>-1-' 

189 

NR 

1.0 [0.7-1.41 

NK 

641 

0.9(0.6-1.51 

0.8 (0 6-0.9) 

0.8 [0.6-09] 

140 

NR 

NR 

0.7 [0.5-1 .li 

501 

NR 

NR 

0.7 [0.6-0-°: 



(f) Bias ami confounding 

There are two sources of bias (misdassifotion bias ami bias resulting from exposure 
3? secondhand smoke in the reference group) and several potential confounders (e.g. 
dietary confounding) that can result in the relative risk being overestimated or under- 
intimated in the studies of the association between lung cancer and exposure to second- 
nd smoke described above, 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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(i) Misckissification bias 

MisclassifTcation bias occurs when some of the subjects recorded as never-smokers 
who arc included in the studies arc in fact current or former smokers who have mis- 
reporied their smoking status. Their true smoking status makes these subjects more likely 
to develop lung cancer and because smokers tend to live with smokers, this bias will over¬ 
estimate the true risk for lung cancer from exposure to secondhand smoke from the 
spouse. There has been much discussion in the literature on this bias, and it is the main 
factor proposed as partly or fully explaining the increased risk for lung cancer observed 
in epidemiological studies. The bias has four determinants: 

• The prevalence of smoking in a purhcular population. This can be obtained 
directly from tame of the studies or from national statistics. 

• The aggregation ratio (the extent to which a smoker is more likely to live with 
another smoker rather than a nonsmoker/. It is generally accepted to be between 
1 and 4 (Wald et aL 19S6: US Environmental Protection Agency, 1992; Lee. 
1992; Haekshaw & a!., 1997). 

» The relative risk for lung cancer in ament and former smokers misclassified as 
never-smokers. Some mcta-analyses have assumed that the risk for lung cancer in 
misclassified smokers is the same as that in all reported smokers (US Environ¬ 
mental Protection Agency, 1992; Lee, 1992, 1998). However, misclassified 
ctiTrem smokers lend to be light smokers and misclassified former Smokers have 
usually given up smoking many years before the Study, so the risk in both groups 
will be less that! the average risk in all current or former smokers. The overall 
relative risk for lung cancer in misclassified ever smokers (as been estimated to 
be about 3 (Hackshaw cl a!., 1997). 

• The percentage of current and former smokers misclassified as never-smokers. 
The percentage of misclassified current smokers can be estimated bv comparing 
self-reported smoking status with serum, unne or salivary cotinine levels; current 
smokers who report themselves to he never-smokers would tend to have high 
concentrations (for example, a urinary' cotinine concentration >50 ng/ntg creati¬ 
nine). Wells et al. (i 998 ) combined the results of 13 studies, seven of which were 
used ill the US Environmental Protection Agetrev (1992) report, and concluded 
that the rates oi misciassification of smokets are low; 1.6% of Caucasian women 
who weie current smokers reported themselves as never-smokers. The estimate 
was higher, though still low; for women from a minority background (4.9%l. 
Similar conclusions had been drawn from a review of six studies on cotinine and 
nicotine (two of which were included in the review by Wells et al.. 1998) in which 
it was estimated that 3.1% of ever smokers were current smokers w ho repotted 
themselves as never-smokers (Hackshaw et al., 1997). Two of the case-control 
studies On secondhand smoke and risk of lung cancer in female never-smokers 
(Table 2.2) measured urinary cotinine in the subjects and compared this with their 
iopened smoking status. The percentage of reported never-smoking women with 
urinary cotinine concentrations > 50 ng/mg creatinine was 3.5% in the study h. v 


Riboli et al. (1995) (included in BolTetta et al., 1998 in Table 2.2) and 3,1% of 
patients with lung cancer and 5.0% of controls in the study by Fontham el al. 
(1994), 

(ii) Bias resulting from exposure to secondhand smoke, in the 
reference group 

Studies of the risk for lung cancer and exposure to secondhand smoke have defined 
the reference group as never-smoking women with husbands who are nonsmokers. 
However, these women, although not exposed at home, may be exposed to secondhand 
smoke outside the home. This bias will lend to underestimate the true relative risk. 

(iii) Dietary confounding 

Several potential confounders have been proposed that may partly or fully explain the 
increased risk of lung cancer associated with exposure to secondhand smoke from the 
spouse. None of these potential confounders have been established as having a causal link 
with Sung cancer. For example, dietary confounding (perhaps the main potential 
coitfoumJei) may arise because (i) nottsmokers who live with smokers lend to have 
similar diets, (ii) the diets of smokers tend to be poorer than those of nonsmokers (i.e. 

’ lower consumption of fruits and vegetables) and (iii) people who consume less fruits and 
" vegetables may be more likely to develop lung cancer. Several of the observational 
studies listed in Table 2.2 had attempted to adjust for consumption of fruits and vegetables 
or other dietary factors (Dalager et al., 1986 [used data from Correa et cl (1983) and 
Buffkr et al. (1984) in Table 2.2]; Hirayama, 1989 [used data from Hiraymra (1984)); 
Kalandidi el al., 1990; Alavanja a al., 1993 [used data from Rrownson et. al. (1992)]; 
Fontham etal, 1994: Maynecto/., 1994 [used data from Janerich etal. (1990)]; Cardenas 
Hal, 1997; Boffeltacta/., 1998; Zhottg <?/<}/,, 1999: Brennan etal., 2000; Johnson etal., 
2001); they showed that the effect of dietary confounding was negligible. 

2,1.3 Meta analyses of observational studies of exposure to secondhand smoke 
and lung cancer in adults 

(ff) Introduction 

, Since the publication of the first epidemiological studies that reported directly on the 
L association between exposure to secondhand smoke and the risk of lung cancer in 
jL r mstnokerc (Garfittkel, 1981; Hirayama, 1981), there have been several other cohort 
■ ndics and case-control studies. Most of these studies were based nn a relatively small 
amber of lung cancer cases and did not, therefore, have enough power to show a 
• atistically significant association on their own. Meta-analyses have therefore been 
, -trformed with the aim of pooling the available data and thus providing a more precise 
: ^rtimatt of the risk. A meta-analysis is a fomtal statistical technique used to combine the 
itimates of relative risk across studies into a single estimate. Originally developed for 
finical trials, il has also been applied to observational studies (see Peto, 1992, for a brief 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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discussion of some aspects of meta-analyses of case-control and colion studies on 
cancer), In spite of some concerns over the application of meta-analysis To studies of 
secondhand smoke and lung cancer, it is an appropriate approach for interpreting the 
published data collectively, 

(i>) Published w eta-analyses 

This section presents the results of selected published reports. 

(i) Exposure to secondhand smoke front the spouse 

Table 2.7 shows the main results of published meta-analyses on the risk for lung 
cancer in never-smokers associated with exposure to secondhand smoke from the spouse, 
including an indication of whether any adjustment was made for bias and confounding. 
All the pooled estimates show an increased risk (relative risks of!. 1 -1.6), despite using 
different combinations of studies and methodology. 

Some meta-analyses adjusted for the misclassilication of ever-smokers as never- 
smokers (which will tend to overestimate risk). For example, in the analysis by Hackshaw 
ei al. (1997) the relative risk was reduced from 1.24 to 1.18 after allowing for misclassi- 
fication bias in 37 studies of nonsmoking women. In the analysis by Lee ef of, (2001), 
which was based on 47 studies and used a different methodology, after allowing for niis- 
classifieation bias the relative risk was reduced from 5.23 to 1.17. The effect is small. 

Few mcta-analyses have adjusted for background exposure to secondhand smoke 
from sources other than the spouse in the reference group (which will tend to under¬ 
estimate risk). Hackshaw ei al. (1997) reported ihai the effect of such an adjustment was 
io increase the observed relative risk from 1.24 to 1.42. 

Few reviews have attempted to adjust for diet as a potential coufouridet. Hackshaw 
et al. (1997) used pooled data from nine studies of the risk oflung cancer associated with 
fruit and vegetable consumption in nonsmokers and pooled data from three studies on the 
difference in diet between nonsmokers who did and did not live with a smoker; the rela¬ 
tive risk for lung cancer due to exposure to secondhand smoke from the spouse was 
reduced from 1.24 (as observed) to ! .21 after adjusting for fruit and vegetable consump¬ 
tion. A similarly small effect was reported by Lee et al. (2001), after adjusting for 
consumption of dietary’ fat and education as well as consumption of fruits and vegetables, 
and using different methodology and a larger set of studies (for the risk of lung cancer 
associated with each confounder: 17 studies on consumption of fruits and vegetables, 
seven on dietary fat and 12 on education; for the difference between nonsmokers who do 
and do not live with a smoker: nine studies on consumption of fruits and vegetables, seven 
on dietary' fat and nine on education). The relative risk for lung cancer when the husband 
smoked 10 cigarcftes/day w as reduced from 1.10 (observed) to 1.09, after allowing for 
these three confmrnders (1 .ec et al. , 2001), In both analyses the effect of allowing for con¬ 
founding was small. 
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Table 2.9. Results from published meta-analyses of exposure to second¬ 
hand smoke and lung cancer in adult never-smokers exposed during 
childhood 


Reference 

No. of studies 
included 

S« 

Pooled relative risk 
(95% Cl) 

Letd ot. (1992) 

10 

Mt&n a))d tfovntm 

0.9fi(0.te-i. 11) 

Battens, d ai (2000) 

It 

Met) and women 




Men and women 

0.91 (0,80-1.05) 



From falter 

0.B5 (0.72-0.95) 



From mother 

0.99 (0,78-1.26) 

ZbongfVfli. (2000) 

18 

Men and women 

0.91 (0.83-1.00) 


■ according to gender or exposure from the motto or father was carried out. Overall, 

' published meta-analyses have found no evidence for an increased risk for lung cancer 

associated with childhood exposure to secondhand smoke. 

\ 

(iv) Statistical Methods and other considerations 
"" Pooling relative risks 

Different methods of combining relative risk estimates from individual studies have 
generally tended to give similar results, for example, in 37 studies of the risk for lung 
cancer of never-smoking women exposed or unexposed to secondhand smoke from the 
spouse, the relative risks (95% Cl) using the fixed or random effects model were 1.21 
J(1.12-1.30) and 5.24(1.13-5.36), respectively (llackshaw ef it!.. 1997) (the random 
effects model allows for heterogeneity between the nsk estimates). , 

More complex approaches, such as Bayesian analysis, also do not yield materially 
-~ different results. The difference between the pooled estimates obtained using a Bayesian 
model and those obtained using a simpler random effects mode! was small. Tweed ie d a!. , 

(1996) pooled 40 studies of male or female ttever-smokers exposed to secondhand smoke 
from the spouse, the pooled relative risk for lung cancer was 1.20 (95% Cl. 1,07-1.34) j 

using the random effects model and 1.22 (95% Cl, 1.08-1.37) using a Bayesian model j 

“ (Tweedie er < 7 /., 1996). '• 


Generally, the overcstimation due to misclassification bias and potential confounding 
seems to be balanced by the underestimation due to exposure to secondhand smoke in the 
reference group (Hackshaw el al .. 1997). 

(ii) Exposure at the workplace 

Interest in the risk of lung cancer associated with exposure to secondhand smoke at 
work has increased over the years and several meta-analyses have been published. These are 
listed in Table 2.8; some report no association, tor example, Lee (1992) and Levois and 
Layard (1994). whereas others do report an association (fliggenttaff et al., 1994; Wells, 
1998; Zhang d aL .7000!. However, the results of some of the studies may be unreliable 
because they used levels of exposure reported by next of kin (who may not know the true 
exposure status of the case or control), and because some studies evaluated only recent 
exposure to secondhand smoke in the workplace. Wells el al. (1998) excluded studies that 
documented only recent exposure and also studies that (i) included more than 50% surrogate 
responses for cases, (ii) had only minimal exposure, (iii) included exposure to other respi¬ 
ratory carcinogens, (iv) included subjects who had smoked, and (v) did not report appro¬ 
priate data to allow the confidence intervals to be checked. Based on these criteria, Wells et 
al. (1998) identified the following studies for inclusion in their meta-analysis; Wu et al. 
(1985), Shimizu et al. (1988), Ralandidi el al. (19%), Rabat et al. (1995) and Reynolds 
etui. (19%); the pooled nsk estimate was 1.4 (1.2-1,7). Overall, there seems to Ire an 
increased risk of lung cancer in subjects exposed to secondhand smoke at the workplace. 


Tabic 24t, Summary of results from published meta-anulyscs of 
exposure to secondhand smoke and lung cancer in never-smokers 
exposed at the workplace 


Reference 

\'o. of 
studies 
included 

Sex 

Pooled relative risk. 

(95% Ch 

L«t(W2) 

9 

Men and women 

(1% id.M- I.OSl 

Biggeretafif.’/ al. (19941 

s 

Women 

1.12 ifi.93-t.34l 

levois & bya&UJW) 

14 

Men and women 

1.01 (0.92-1,11) 

Chapprf! (eGratt (19%) 

8 

Men and women 

0 99 <0.91-1. OS) 

Wells etal. (1998) 

5’ 

Men and women 

139(1.15-168) 

Zhong ri d I2M0) 

14 

Men ant) women 

1.1b 11.(15-1.18) 


‘ Restricted to studies tint were hascil on self-reported exposure 


(iii) Exposure during childhood 

There have been few mcta-analyses on the risk of lung cancer in adulthood follow . . 
exposure to secondhand smoke during childhood; the results of three of these mem- 
analyses are given in Tabic 2.9. None suggested an association, although no stratilicaiiw' 


Pooling results relating to exposure-response relationships 
;■ Several studies on the effects of exposure to secondhand smoke in never-smokers 
have reported the relative risk for lung cancer according to the number of cigarettes 
i smoked by the spouse or the number of years that the nonsmokcr has lived with a spouse j 

who smokes. A few researchers, using various combinations of studies and methodology', j 

f have attempted to pool the results of epidemiological studies of exposure-response in 
never-smoking women. For an increase of 10 cigarettes per day smoked by the husband, 
die excess relative risk for lung cancer compared with never-smoking hushauds was esti- 

' i 

I 

! 


Source: https://v 
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mated to be 23% (95% Cl, 14-32) by Hackshaw ef a/. (1997), 17% (95% Cl, 12-22) by 
Brown (1999) and 10% (95% Cl. 5-15) by Lee et al. (2000). The excess relative risk that 
resulted from living for 10 vears with a husband who smokes compared with one who 
does not was estimated to be 11% (95% Cl, 4-17) by Hackshaw et al. (1997) and 7% 
(95% Cl, 4-11) by Lee el al. (2000). The estimates are reasonably consistent between 
different reports and all found a statistically significant increase in risk associated with 
increasing exposure. 

Hewogeneity between the estimates of relative risk 

Performing a meta-analysis when there are statistically significant differences 
between the estimates of relative risk may yield an incorrect pooled estimate. If hetero¬ 
geneity exists, an attempt should be made to explain it. If it can be explained by a single 
factor (or factors), then estimates should be stratified according to that factor. The authors 
of several reviews of the association between exposure to secondhand smoke and lung 
cancer have allowed for tire existence of heterogeneity between geographical regions or 
found evidence of it and therefore stratified the relative risk estimates according to region 
(for example, US Environmental Protection Agency. 1992; Lee, 1998). Lee (1998) 
assessed heterogeneity related to several factors including geographical region, study 
publication date, study type and study size and concluded that there were statistically 
significant differences between the relative risk estimates by almost all factors. However, 
this was shown to be due to a single large discrepant study that unduly influenced the 
assessment of heterogeneity: this may be a problem especially when there are relatively 
few studies in the meta-analysts. In the meta-analysis by Hackshaw et al. (1997). the test 
for heterogeneity based on 37 studies on nonsmoking women was almost significant (p = 
0.10), although when one study was excluded the p value became 0.46. The discrepant 
study, from China, was large (417 cases of lung cancer) and reported an almost statis¬ 
tically significant reduction in the risk of lung cancer associated with exposure to second¬ 
hand smoke from the spouse (relative risk, 0.8; 95% CL 0.6-1.0), making its results 
inconsistent with those of the other studies. When this study was excluded, no evidence 
efbeterogencity was found for several factors (Hackshaw el al., 1997; Hackshaw, 1998; 
Zhong et al.. 2000). 

Publication bias 

In meta-analyses of studies of the relationship between secondhand smoke and 
lung cancer there is a possibility of publication bias if studies with positive results (those 
that show an increased risk of lung cancer) are more likely to be published than studies 
with negative ones (those that show a decreased risk or no difference in risk). The pooled 
estimate of risk would then be biased upwards. Simple methods to ascertain whether 
much publication bias exists suggest that there is little evidence ofthis, for example tonne 
plots (Lubin, 1999) or estimating the number of negative unpublished studies that vnu 
be required to explain the increased risk observed from epidemiological studies - abo'J 
300 (Hackshaw et al.. 1997; Lee. 1998); it is implausible that there would be so man) 


unpublished negative studies. Copas and Shi (2000) used a complex method to adjust the 
observed relative risk for lung cancer (reported in Hackshaw eta!., 1997) for publication 
bias; the pooled estimate was reduced from 1.24 to 1.15, but Copas and Shi assumed that 
40 /o of ail studies are unpublished. Even with such an extreme assumption, the adjusted 
estimate iS consistent with (he reported relative risk- adjusted for bias and confounding 
(1-6: 9,n% CL 1.06-1.47). The problem with assessing publication bias is that it is 
difficult to detemune empirically how many studies are unpublished (Bern et al.. 1994). 

(c) Updated meta-analyses 

Several individual studies on secondhand smoke and the risk of lung cancer in non- 
smokers have been published since one of the last detailed meta-analyses on the subject 
(Hackshaw et al., 1997). This section presents updated meta-ana!yses using currently 
available results. The selection of studies to be included is as described by Hackshaw 
et al. (1997), and the method of pooling the relative risk estimates is that described by 
Devonian and Laird (1986), which allows for any heterogeneity- between the estimates 
v. Some caSMOntrol studies reported only cmde estimates of relative risk, some reported 
only adjusted estimates (adjusted for various factors such as age and diet) and others 

- reported both crude and adjusted estimates. Consideration therefore needed to be given to 
which should be used in the meta-analyses. Pooled estimates were obtained based on the 
cmde relative risks and, where these were not available, the adjusted relative risks. This 

| reduces the etleet of those studies that adjusted for factors that are not established 
| confounders. The pooled estimate was also obtained based on the adjusted relative risks 

- and where these were not available, the crude relative risks to show that the two 
■ approaches yielded similar results. 

7 Table 2.10 shows the rest! Its of the updated meta-analyses according to ripe of expo- 
, sure to secondhand smoke and gender of the subject (for the estimates from the individual 
' studies, see Tables 2.2,2.5 and 2.6). ; 

(i) Exposure from the spouse 

Among nonsmoking women who lived with a spouse who smoked, ihe risk of lung I 

i rancer was increased by 24% (relative risk, 1.24; 95% Cl, l-!4-1.3;TabIe2.I0). This esti- I 

mate was based on the crude estimates of relative risk found in the studies and, where these 
were not available, the adjusted estimates, Use of the adjusted estimates and, where these 
f were not available, the crude estimates yielded a similar relative risk of 1,27 (95% Cl 
;j 1.15-1.41). The Studies came from several countries, and the (est for heterogeneity’ 
etween the relative risk estimates across al! 46 studies just misses statistical significance j 

va,ue = a08 )- How ever, if the discrepant study from China by Wu-Williams et at. ' 

J 90) that reported an almost statistically significant decrease in risk due to exposure to 1 

v secondhand smoke is excluded, the pooled relative risk is not materially changed (1.25; 1 

95% Cl, 1.17-1.33), but the test for heterogeneity' yields a p value of 0 34 Among l 

, nonsmoking men w'ho lived with a smoker, the risk of lung cancer was increased bv 37%. I 

ne risk estimates for both nonsmoking men and women are statistically significant. | 


Source: https://lvww.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(ii) Exposure a! the mrkplace 

The increase in risk for lung cancer in nonsmoking women is about 20% (relative 
risk, 1.19; 95% CL 1.09-1.30; Table 2.10). If the pooled estimate was based on the 
adjusted relative risks reported in the studies and. where these were not available, the 
crude estimates, the result was similarfrclative risk, 1.21 ;95% CJ. 1,09-1.35). There was 
also an increase in risk in men (12%) though this result was not statistically significant 
(probably because of the smaller number of studies and fewer cases of lung cancer in the 
meta-analysis). There was no evidence of heterogeneity between the individual risk 
estimates. 

(iii) Exposure during childhood 

There is a statistically significant increase in risk among women exposed to second¬ 
hand smoke from the mother during childhood (50% increase in risk, but the confidence 
interval is wide, 4-114%). There is a lower, and non-significant increase in risk for expo¬ 
sure to secondhand smoke from the father (25%). However, there is significant hetero¬ 
geneity between the estimates of relative risk. The results on exposure during childhood 
are less clear than those on exposure from the spouse or at the workplace. 

Overall, the evidence from the meta-analyses is clear; adtdt nonsmokers exposed to 
secondhand smoke have a higher risk for lung cancer. Although the precise quantitative 
estimate of risk may vary between different measures of exposure, it is consistently 
raised. The data on exposure 10 secondhand smoke from the spouse also show that risk 
increases with increasing exposure. The evidence for an association between lung cancer 
and childhood exposure to secondhand smoke is less consistent than that for exposure in 
adulthood. 

2.2 Breast cancer 

Five prospective cohort studies (Hirayama, 1984; Jee et o/.. 1999; Wartenberg el al, 
2000; Nishino et al ,, 2001; Egan et a!., 2002 ) and 12 reports of TO case-control studies 
(Sandler et al., 1985a,b; Smith et al., 1994; Morabia et al., 1996; Millikan et at., 1998, 
Lash & Aschengrau, 1999; Delfino et al., 2000; Johnson et a!., 2000; Marcus et a!., 2000: 
Morabia et al,, 2000; Chang-Claude et al., 2002; Kropp & C'hang-Claude. 2002) have 
examined (he role of secondhand smoke in breast cancer. The cohort studies are 
summarized in Table 2.11 and the reports from the case-control studies are summarized 
in Tabic 2.12. 

2.2.1 Cohort studies 

The first cohort study that suggested a possible association of exposure to secondhand 
smoke with breast cancer was reported by Hirayama in 1984. Specific details of how risk 
estimates for breast cancer were calculated were provided by Wells (1991). A total of 115 
deaths from breast cancer were identified after 15 years of follow-up (1966-81) of over 


Source: https:// 


.industrydocuments.ucsf.edu/docs/kkkjOOOl 
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Table 2.11. Coliorr studies of breast caitccr and involuntary exposure to tobacco smoke 

Reference Counlry Sample Source of Duration and Relative risk 

information cni completeness of 

exposure follow-up 


cn 


11irayam .1 
0 984) 


Jee et at. 
(1999) 


Wdrtenbcrg 

ct at. (2000) 


Japan 


Republic 
of Korea 


USA 


1 1 5 breast cancer 
deaths among 
9 I 54(1 nonsmoking 
married women 

1.18 breast cancer 
eases among 
I 57 4If* non 
smoking mari ieii 
women 


In-person interview 

(baseline l 


Se) f-ad mini me rot I 
i|iieHiioniiaif c: 
husband”s noli' v 
smoking in f *J9,t amf 
1994; wile's 
i it voI Hillary smok i ng 
in 1993 


1 5 years oT follow- fhtsband ertr .smoked 
up. Completeness 1.26(0.8 ?..(>■ 
nol reported 


.1.5 years of 
follow-up of breast 
cancer eases. < <»m- 
pletencss not 
reported 


I fnshatui 's s >n> tfiiriy .v/a/>/v 
Former stunk rr 
C Mr-rent si linker 
Current smoker for 
>30 years 


1.2 (O X ( X> 

1.3 (0.9 1,8) 
1.7 <1.0 2.8) 


669 breast cancer 

Postal questionnaire 

1 2 years of follow¬ 

l-fitshnnii ”.v snuthinfl .vfcWM.v 



deaths among 

to both husband arul 

up. 98% complete¬ 

Former smoker 

1.0 <0.8- 

J.2) 

146 488 never- 

wife 

ness 

Current smoker (baseline) 

1.0 (0.8- 

1.2) 

smoking single- 



Years husband smoked 



marriage women 



i-to 

0,9 (0-6- i 

1.3) 




1 1—20 

0.7 (0.5—1 

1 .0) 




2 J -30 

1.0 (0.7-1 

1.3) 




>31 

1.1 (0.8 -1 

-3> 


p trend = 0.9 






Table 2.1 I (coqtd) 


Reference Country Sample Source of Duration and Relative risk (95% Cl) 

information on completeness of 

exposure Ibl low-up 


Nish i no 

Japan 

67 incident cases of 

Self-administered 

9 years of follow- 

Hus band smoke* t 



et a/. ( 2001 ) 


breast cancer 

questionnaire. 

up. Completeness 

0.6 (0.3-1.1) 





among 9675 never- 


not reported 

Other household member 

smoked 




smoking women 



0.8 (0.4—1.5) 





aged S40 






l\gan cf ai> 

USA 

J 359 breast cancer 

Postal questionnaire 

14 years of follow- 

Paten tat smoking 



(20021 


Cases among 


up of invasive 

Mother only 

1.0 (0.7- 

1.4) 



35 193 never- 


breast cancer. 96% 

Father only 

1. 1 (1.0-1 

1.3) 



smoking women 


completeness 

Both parents 

0.9 (0.8 -1 

M) 






Current exposure to 








secondhand smoke 








Occasional 

1.2 (1.0 -J 

4) 






Regular at home or 

1.0 <0.8 -1 

2) 






at work 








Regular at home and 

0.9 (0.7-1 

-2) 






at work 




! 


j 


£ 


s: 

o 

r* 
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Table 2.12. Case—control studies of breast 


Rdcrtncc Country 


Sandler et al. USA 
(*985a> 


Sandler at u l. USA 

(I 9K5b) 


Smith et a/. United 

(P'994) Kingdom 


cancer and involuntary exposure to tobacco smoke 


Sample 


Source of 
information on 
exposure 


(Juration and completeness of 
foIJuw-iip 


Relative risk *95% Cl) 


29 nonsmoking 
incident cases; 
223 nonsmoking 
controls 
3 2 nonsmoking 
incident oases; 
247 nonsmoking 
controls 


94 nonsmoking 
incident cases; 
99 nonsmoking 
CQptrofs 


Postal question¬ 
naire 


Postal (|tieslinii- 
narre 


In-person inter¬ 
view with post.-i I 

questionnaire on 
exposure to 
secondhand smoke 


22 months; cases diagnosed in Maternal smoking 0.9 

women aged 15-59 years. Paternal .moltmg o» 

70% case response rate; 57% 
control response rale 

■72 months; ensc.s diagnosed in 11 us tun id’s sticking 2. 0 (0.9-4.3) 

women aged 1 5-59 years. 

70% case response rate; 75% 
response rate for telephone 
controls; 60% response rate 
for friend controls 


3 years; cases diagnosed in 
women aged <36 years. 72% 
case response rate; 89% 
control response rate. Data on 
exposure io secondhand 

smoke available on -65% of 

matched pairs 


Childhood exposure in cigarette-years 
J-2CJO 1.2 (6.5-2.9) 

> 2HO 1.1 (0.5-2.7) 

Adult eA'fHtxure 

From partner in cigar ette-wars 

^ f 1.6(0.8-3.1) 

J'ro/u other household .smokers (years) 
J -5 1.5 (0.7—3.2> 

1.1 (0.5-2.8) 

At work (year's) 

1 -? 1.7(07-3.8) 

*'-<> 1.4 (0.6—3.1) 


Perhni of e vpnsurc 
i'll ltd only 
Adult <inly 
flnth 


J.3 (0.2 10.8) 
3./ ffj.7 -1X3) 

■ >4) 







Table 2.12 (eonld) 


Reference 

Country 

Sample 

Source of 
information on 

exposure 

Morabia ef of. 
(199(3) 

Switzerland 

126 never- 
smoking incident 
cases; 

620 never- 
smoking controls 

i 

In-person inter- 

view- 

Millikan, ef of. 

(1 998) 

USA 

248 never- 
smokitig incident 
cases; 

253 nover¬ 
smoking controls 

in-person inter¬ 
view plus 30-ml 
blood sample 


Durnlion and completeness oC" Relative risk Cl) 

follow-up 


22 months for cases diagnosed 
in women < 75 years of age. 

71 % case response rate; 70% 
control response rate 


3.5 years for cases diagnosed 
in women 20-74 years of nge. 
77% case response rate; 68% 
control response rate; 98% of 
study subjects provided blood 
Nanijdes 


Ever exposed to second- 

3.2 (|.7-5.9) 

hand smoke 
(Honrs/Joy) xyenv 

1-50 

3.1 (].5-6.2) 

>50 

3.2 (1.6-6.3) 

Elver exposed to second- 

3.1 {1.6-6.1) 

hand smoke from spouse 

From spouse, (honrs/tiay) 

xvear 

1-5(1 

3.1 (1.3-7.5) 

> 50 

3.2 (1.5-6.5) 

Exposed to secondhand smoke 

after age l H years 

All-nonsinokcrs 

1.3 (0.9-1.9) 

Premenopausal 

1.5 (0.8-2.8) 

N/virio 

1.7 (0.7—4.3) 

NAT? non* 10 

1 .3 (0.5-3 .2) 

NAT2 rapid 

2.3 (0.9—6.2) 

NAT2sl<iw 

1.2 (0-5- 2.8) 

Post menopausal 

1.2 (0.7-2.2) 

NATS* ID 

1.2 (0.6-2.6) 

NAVI non* ID 

1.3 (0.5-3.6) 

NAT2rapid 

0,8 (0.4-1 .8) 

Ts|ATslo%v 

1.9 <0.7-5.2) 



3SC 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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T»l>fe 2.12 (contd) 


Reference 

Country 

Sample 

Source nl 
in formation oil 
exposure 

Liisli & 

A sell engrail 
( ! 999) 

USA 

1 2t> never- 
snu iking cases. 

406 never- 
smoking controls 

Proxy inters iuw, 
33% of cases 

45% ofconlrols 

Dclftno ft t;f. 
(2000) 

USA 

64 never-smoking 
oases; 149 never- 
smoking con ire? Is 
(benign breast 
disease) 

(jell-ad ministered 

question naive 

JollllSOil €Tf (j/, 
(2000) 

Canada 

378 

p re me pi opa usal 
and 71 JO post¬ 
menopausal 

never-smoking: 

eases; 369 pre- 
and 845 post¬ 
menopausal 
Tt-cver-siiiuking 
controls 

Ptwia! question¬ 
naire 


-j 

O'- 


J duration and completeness of 
follow-up 

Relative risk <95% C !) 



3 years for cases diogm^Cd in 
women. 79% case response 
rale; 75% control response 

Passive .smoking 

By Yt-xuv, <tf <-.\/HK\urv io 

■wir n/fcffi/iw/ xi nrtke 

3.0(1. 1—3.7) 


rate 

<20 

3.2 (1.5-7.1) 

> 


> 20 

2.1 (1.4U4.I) 

o 

Cases diagnosed in women 40 

Any exposure to second¬ 

1.3 (0.7-2.S) 


years of age and above 

hand smoke 

o 

2 

(duration not reported). 82% 
case response rale; 8 5% 

High versus low exposure 
to secondhand smoke 

J-5 (0.8 -2.9) 

O 

o 

control response rate 

Premenopausal cases 

2.7 «>.9-8.0) 


Poslmcnopausal cases 

1.0 <05-2.3) 

sc 

£ 3 years for cases diagnosed 

Premenr >/ uutxcti 


c 

in women 20-74 years of age. 

Any exposure in second¬ 

2.3 (1.2-4.6) 

o 

72% case response rate; 64% 

hand smoke 

e: 

control response rate 

Childhood exposure only 

1.6 {P.6-4.4) 

S 

m 

oo 


Adult exposure only 

2.6 (1.1 6.0) 


txposiriv during 
childhood and adulthood 

/ 3 oxfrt/t '1/ til MU txrtl 

Any exposure lo second¬ 
hand smoke 

ClifJdJmiul eipiKiuv only 
A-ilult >snii- iiiiTv 

Rxposuc e ikn i:\g 

childhood no.J ndifiUinod 

2.6 (|.2-5.5) 

1.2 <0.8-1 .8) 

0.9 (0.4 2.0) 

I I (0.6 r.K) 

1.3 (I1JI 2 .0) 






Table l.tZ (cantdj 


Reference 

Country 

Sample 

Source of 
information on 
exposure 

17oration and completeness of 
follow-up 

Relative link (95% Cl) 


Marcus ei at. 

USA 

445 never- 

In-person inter- 

3.5 years for eases diagnosed 

Never-sinokcrs exposed 

0.8 (0.6 1.1) 

(2000) 


smoking cases; 

view 

in women 

to secondhand smoke 




423 never- 


20-74 years of age. 77% case 

before age 1 8 years 




smoking controls 


response rate; 68% control 







response rate 



Morn bis el ai. 

Switzerland 

84 never-smoking 

In-person inter- 

1 year for incident cases 

Any exposure U» second- 

3. 1 <] ,5-().0> 

(2000) 


oases; 99 never- 

view and buccal 

diagnosed in women 

hand smoke 




smoking controls 

swab 

< 75 years of age. 71% cji.se 

NAT2 ace iyLit ion genotype 






response rate; 70% control 

Slow' 

1.9 (0.7 -4.6) 





response rale in original study; 

fast 

5.9(2.0-17.4) 





83% response rate in sub study 



Chnng-Clamlc 

Germany 

1 74 never- 

Self-administered 

4 years for cases; passive 

Ever c'.r/'«,vtv/ tty NAT2 accty lotor sUrtus 

ft at- (2002) 


smektim eases; 

questionnaire anti 

smoking response rales: 

Rapid 

2.0(1 .0-4.1 > 



- 365 never- 

for passive amok- 

- 46% of total eligible and 

Slow 

1.2 (0.7-2.01 



sinok|ng controls 

mg quest ions by 

48% of eligible controls 





i 

telephone inter- 






* 

view 




Kropp & 

Germany 

t97 never- 

Sel f-administered 

4 years for cases; passive 

Exposure to xt •camflrtrnd snmkc 

Chang-Claude 


smoking cases; 

questionnaire and 

smoking response rates: —46% 

As a child only 

l.l (0.6-2.3) 

(2002) 


459 never- 

for passive smok 

of total eligible and 48% i>l 

As an adult only 

1.9(1.2—3.0) 



smoking controls 

ing questions by 

eligible controls 

Both 

|.6(l .9-2.6) 




telephone inter- 


Lifetime in (ootirs/itny) xyears 




view 


l-5(> 

1.4 (0.9 2.3) 






> <1 

1.8(1.2-2.9) 






p - 0.0(19 



> 

5 


o 

7^ 


O 


w 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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91 000 married nonsmoking Japanese women. Women whose husbands had ever smoked 
had a small non-significantly increased risk of breast cancer (relative risk. 1.26; 95% Cl. 
0.8-2.0J. [The Working Group noted this was a first prospective report with a number of 
limitations. For example, it reported mortality rather than incidence; there was limited 
assessment of risk specific to breast cancer (spouse only); there was no adjustment for 
potential confounders: exposure was assessed at only one time-point.] 

In a study in the Republic of Korea. Jee et ai. (1999) also found small non-signifj- 
caiitly increased risks of breast cancer associated with husbands’ smoking status, for 
former smokers the relative risk was 1.2 (95% Cl. 0.8-1.81 and for current smokers the 
relative risk was 1.3 (95% Cl, 0.9-1.8). Relative risks were adjusted for age of husbands 
and wives, socioeconomic status, residence, vegetable consumption and occupation of the 
husband. These findings were based on 138 incident and prevalent breast cancer cases in 
3.5 years of follow-up (July 1994-December 1997) of a cohort of 157 436 nonsmoking 
Korean women. A higher risk, of borderline significance, was observed for women 
married to current smokers who had smoked for more than 30 years (relative risk, 1.7; 
95% Cl, 1.0-2.8). [Hie Working Group noted that this study had several limitations, i.e. 
prevalent cases were not excluded; limited adjustment was made for potential con- 
fotmders, and the adjustment did not include reproductive or hormonal factors; assess¬ 
ment of exposure included only secondhand smoke from the spouse.] 

Warfenberg et d. (2000) reported findings from the large American Cancer Society 
Cancer Prevention Study II cohort based on 12 years of follow-up (1982-94) of never- 
smoking women who had been married once. A total of 669 deaths from breast cancer 
were included and risk estimates were adjusted for year of age at baseline, race, number 
of years of education, history of breast cancer in mother or sister, personal history of 
breast cysts, age at first live birth, age a! menopause, number of spontaneous abortions, 
use of oral contraceptives, use of estrogen replacement therapy, body mass index, alcohol 
intake, fat consumption, vegetable consumption, occupation and occupation of spouse. 
No increased risks were found for women married to current smokers (relative risk, 1.0. 
95% Cl, 0.8-1.2) or former smokers (iclative risk,! .0; 95% Cl. 0.8-1.2) when compared 
with never-smokers married to nonsmoking husbands. No association was found by ty-pe 
of tobacco. No trend in risk was observed by years, packs per day or pack-years of 
spousal smoking. No significant associations were noted between breast cancer and all 
exposures at home (relative risk, 1.1; 95% Cl, 0.9-1.3), at work (relative risk. 0.8: 
95% Cl; 0.6-1.0), or in other places (relative risk, 0.9; 95% Cl, 0.7-12). When reported 
exposures from all sources were combined and examined according to daily hours of 
exposure using no exposure from any source as referent (0 hour), no trend was observed. 
[The Working Group considered that the strengths of this study included the large number 
of cases, the excellent follow-up, the thorough statistical adjustment for potential 
confounders and that the spouse directly reported his own tobacco use. The limitations 
include the use of mortality rather than incidence as the outcome and that the assessment 
of spousal smoking was made at only one time-point.].' 

fto 'b*' * 


A smaller cohort study that included 9675 Japanese female never-smokers over the 
age of 40 years accrued 67 incident cases over a 9-year follow-up period (1984-92) 
(Nishino et a!., 2001). Relative risks were adjusted for age, study area, alcohol consump¬ 
tion, intake of green and yellow vegetables, intake of fruit, age at first birth, number of 
live births, age at menarche and body mass index. The age-adjusted relative risk for breast 
cancer was 0.6 (95% Cl, 0.3-i.0) among women whose husbands smoked when 
compared to that in women married to nonsmokers. The age-adjusted risk associated with 
living in a household with other smokers was also below unity (relative risk, 0.4; 95% Cl. 
0.2-O.8) when compared with women living in households where there were no smokers. 
Further adjustment Df these relative risks for the potential confounders listed above did 
not appreciably change the risk estimates, but the relative risks were no longer statistically 
significant after full adjustment: exposure from spouse, 0.6 (95% Cl, 0.3-1.1), and other 
household members, 0.8 (95% Cl, 0.4-1.5). [The Working Group considered that the 
strengths of this study include adjustment for some reproductive or hormonal and dietary 
factors; its limitations include the very small sample size, lack of information on marital 
status at baseline and inclusion of unmarried women at high risk of breast cancer as 
unexposed which may have reduced point estimates of relative risk.] 

The Nurses’ Health Study in the USA has provided the largest number of pros¬ 
pectively accrued breast cancer cases in never-smoking women (Egan et al.. 2002). After 
14 years of follow-up (1982-96), 1359 cases of invasive breast cancer were diagnosed 
among 35 193 never-smokers. Exposure to secondhand smoke was assessed as exposure 
during childhood as well as during adult life at home, al work and in other settings. Rela¬ 
tive risks were adjusted for many variables including age, parity, age at first birth, meno¬ 
pausal status, age at menopause, change in weight (i.e. weight at age 18 years compared 
to the most recent reported weight), age at menarche, history of benign breast disease, 
family history of breast cancer, post-menopausal hormone treatment, alcohol intake and 
carotenoid intake. No statistically significant associations were found for exposure 
between breast cancer and exposure to secondhand smoke in adult life or in childhood, 
and most relative risks were near unity. No trends were apparent either for number of 

years lived with a smoker as an adult (p for trend = 0.87) or for a categorized index of_ 

adult exposures (p for trend = 0,97). Women who reported the highest levels of exposure 
to secondhand smoke during adulthood had a rate of breast cancer similar to that of 
women who reported no current exposure to secondhand smoke (relative risk, 1.0; 

95% Cl, 0.8-1.3). The findings were similar for pre- and postmenopausal women. [The 
Working Group noted that this study’s main strength is that it is the largest and most 
methodologically rigorous prospective study to date. Other strengths were that exposure 
assessments were updated over time, incident cases rather than mortality were studied and 
comprehensive adjustment was made for potential confounders.] 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



3006392631 


1280 1ARC MONOGRAPHS VOLUME 83 

2.2.2 Case-control studies 

The first two reports (Sandler el a!., 1985a,b) on involuntary smoking and breast 
cancer were based on a case control study conducted in North Carolina, USA. Cases were 
selected from a single hospital tumour registry and included patients diagnosed between 
1 July 1979 and 31 March 1981. who were between the ages of 15 and 59 years at the time 
of diagnosis. Approximately 60% of the controls were friends or acquaintances identified 
by cases and the remaining 40% were selected by systematic telephone sampling. The two 
control groups were combined after separate analyses of the two groups indicated similar 
results. The risk for breast cancer in nonsmoking women was not associated with 
exposure to secondhand smoke dunng childhood from either mother {relative risk, 0.9) or 
father (relative risk, 0.9) (Sandler etal, 1985a). Exposure to secondhand smoke in non¬ 
smoking women based on husband's smoking was associated with a two-fold, non¬ 
significant increase in risk (relative risk, 2.0; 9*5% Cl, 0.9-43) (Sandler et at., 1985b). 
Risk estimates of childhood exposure were adjusted for age and education, and risk esti¬ 
mates of exposure during adulthood were adjusted for age, race and education. Both 
reports included only a few lifetime nonsmokers with breast cancer (29 and 32 cases, 
respectively). [The Working Group noted that the limitations of this study include small 
sample size, lack of adjustment for reproductive factors and the potentially inappropriate 
control group (i.c. friends and neighbours of cases supplemented with controls selected bv 
random digit dialling.] 

Smith ei al (1994) investigated the relationship between exposure to secondhand 
smoke and risk far breast cancer in a sample of nonsmokers including 94 incident cases 
and 99 controls drawn from a larger study of breast cancer diagnosed in young women 
below the age of 36 years between 1982 and 1985. This study was conducted in the United 
Kingdom and information on exposure to secondhand smoke was collected by postal 
questionnaire in a sample of participants from the mam study. Controls were selected 
randomly from the list of the case’s general practitioner and matched to the case on age. 
Risk estimates were adjusted for age. residence, age at menarche, family history of breast 
cancer, history' of biopsy for benign breast disease, oral contraceptive use and history of 
breastfeeding. Although most of the risk estimates exceeded unity as shown in Table 2.12, 
none were statistically significant and there was no evidence of a positive trend in risk 
associated with increasing exposure. When total lifetime exposure as measured in ciga¬ 
rette-years was considered, elevations in risk were found for all levels above zero 
(referent). However, the trend was not statistically significant. No effect of active smoking 
was found in this study. [The Working Group considered this study to have limited gene- 
ralizabiliry (cases < 36 years of age) and noted that no exposure-response relationship 
was observed despite comparatively high point estimates of risk.] 

A population-based case-control study conducted in Switzerland by Morabia etal 
(1996) was designed spcci ficallv to evaluate the role of exposure to secondhand smoke in 
risk of breast cancer. Ii included 126 cases and 620 controls w : ho were lifetime never- 
smokers. Never-smokers were defined as having smoked fewer than 100 cigarettes in a 
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lifetime, Eligible cases were women less than 75 years of age who had been diagnosed 
with invasive breast cancer between 1 January 1992 and 31 October 1993. Population 
controls were selected from the official registers of residents of Geneva and were 30-74 
■j years of age. This study included a detailed assessment of exposure to secondhand smoke 
t and risk estimates were adjusted for the following potential confounders: age, education, 
body mass index, age at menarche, age at first live birth, oral contraceptive use, breast 
cancer in mother or sister, history of breast biopsy, alcohol intake and saturated fat intake. 
The referent unexposed group in this study included women who were never regularly 
exposed (< 1 (h/day) x years) to cither active or passive smoking (28/244 cases and 
241/1032 controls). Estimates of relative risk associated with any exposure to secondhand 
& smoke, duration of exposure to secondhand smoke, exposure to spousal secondhand 
. smoke only and duration nf spousal smoking were all approximately three and were 
statistically significant; however, risk estimates stratified by duration (1-50 or 
~. > 50 (h/day) x years) were virtually identical and there was no suggestion of an expo- 

* sure-response relationship. [The Working Group considered that the strengths of the 
study were its comprehensive assessment of exposure, being population-based and the 

3 large number of potential confounders included in the analysis. Concerns included the 
t following: magnitude of the association between cancer and passive smoking is the same 
"• as that for active smoking in same studv. no exposure-response relationship was found 
for secondhand smoke and the very restrictive reference category' used may have biased 
the results.] 

Morabia ei al. (2000) next conducted a sub-study from the above-mentioned case- 
control study. It was designed to evaluate the role of .V-acetyltransferase 2 (NAT2) in the 

* relationship between breast cancer and active and passive smoking. Cases believed to be 
alive and living in Geneva in 1996-97 were re-contacted, as were a subset of controls, and 
asked to provide a buccal swab for DNA extraction and N AT2 genotyping for subsequent 
classification as slow or fast acetylators. This sub-study included 84 cases who were 
never-smokers and 99 controls who were never-smokers. As in the parent study, a three¬ 
fold increase in risk of breast cancer was associated with any reported exposure to second¬ 
hand smoke (relative risk. 3.1; 95% Cl, 1.5-6.0). The association between exposure to 
secondhand smoke and breast cancer appeared to be modified by acetylation status; breast 
cancer risk was higher in persons with the fast acetylation genotype (relative risk, 5.9; 
95% Cl, 2.0 17.4) than in slow acetylators (relative risk, 1.9; 95% Cl, 0.7-4.6). [The 
Working Group’s comments on the parent study also applied to this sub-study.] 

Millikan et al. (1998) conducted a population-based case-control study in North 
Carolina, USA, that also examined the effect of W-acetylation genotypes (NAT] and 
NAT2), exposure to secondhand smoke and breast cancer risk. Cases included women 
between 20 and 74 years of age who were diagnosed with invasive primary' breast cancer 
between May 1993 and December 1996. Controls less than 65 years of age were selected 
from files of the North Carolina Division of Motor Vehicles and those from 65 to 74 years 
of age from the United States Health Care Financing Administration (HCFA) files. All 
African-American cases and a sample of white cases were selected. This report was based 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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on cases and controls who provided a blood sample. Cases and controls were broadly 
frequency-matched on race (African-American and white) and age (age less than 50 yeaj 
and 50 years and above). Relative risk estimates were adjusted for age, race, age a, 
menarche. age at first full-term pregnancy, parity, family history of breast cancer, breast 
biopsies showing benign tumours and alcohol consumption. Statistically non-signilicanl 
increases in risk were associated with exposure to secondhand smoke after the a^e of 18 
years in never-smokers (relative risk, 1.3; 95% Cl, 0.9-1. 9), The point estimates fa 
premenopausal (relative risk, 1.5:95% Cl, 0.8-2.8) and postmenopausal women (relative 
risk. 1.2:9o% Cl, 0.7-2.2) were not substantially different. Stratification by menopausal 
status and NAT] and NAT2 genotypes resulted in statistically non-significant reiain-,- 
risks for all subgroups. The point estimates for exposure to secondhand smoke after the 
age of 18 years were highest for pre-menopausal never-smoking women for NATl*lo 
(relative risk. 1.7; 95% Cl. 0.7-4.3) and NAT2rapid (relative risk, 2.3; 95% Cl, 0.9-6.2). 

Marcus cl al. (2000) included additional cases from this North Carolina study without 
the requirement for a blood sample and addressed the issue of exposure to secondhand 
smoke before the age of 18 years. Exposure to secondhand smoke at home during child¬ 
hood showed no statistically significant association with risk of breast cancer in this study 
(relative nsk, 0.8; 95% Cl, 0.6-1.1). [The Working Group considered that the strengths of 
this study included the large number of never-smoking cases and controls; the multiethnic 
study population (although no ethnicity-specific risk estimates for exposure to second¬ 
hand smoke were reported aod that the study' investigated possible high-risk subgroups.; 

Lash and Aschcngrau (1999) reported the findings of a case-control studv conducted 
in fiv e towns in Massachusetts, USA. The incident cases of breast cancer were diagnosed 
from 1983-1986. Population controls from these towns for living cases under 65 years of 
age were selected using random-digit dialling and for women 65 years and older from the 
US Health Care Financing Administration (HCFA) files. Because deceased cases were 
also eligible for this study, deceased controls were selected from Massachusetts Depart¬ 
ment of Vital Statistics and Research. A total of 120 cases and 406 controls were never- 
smokers. About one-third of the interviews relating to cases and 45% of the interviews 
relating to controls were with proxy respondents. Age, parity, history of breast cancer 
other than index diagnosis, family history of breast cancer, history of benign breast 
disease, and history of radiation therapy were adjusted for in the analyses. A twofold 
increase in risk (relative risk. 2.0; 95% Cl, 1.1-3.7) was associated with any exposure to 
secondhand smoke; however, increasing duration was not associated with increasing risk. 
The relative risk estimates for exposure to secondhand smoke and for active smoking also 
determined in this study were similar. [The Working Group noted that the limitations of 
the study were that the original study was not designed to evaluate exposure to second¬ 
hand smoke: il was unclear whether controls from the parent study which included ihret 
types of cancer cases were matched to breast cancer cases in this substudy, and that this 
substudy included a large number of proxy respondents.] 

Findings from a small clinic-based case-control study, conducted in Orange Counts'. 
California. USA, were reported by Delfino cl al. (2000), Three breast cancer centres we* 


Jaded in the study. Subjects diagnosed with a suspicions breast mass detected either 
locally or radiographically who were over the age of 39 years were considered to be 
f^ble- Information on exposure was obtained from a self-administered questionnaire 
mmpleted prior to biopsy in order to minimize recall bias and interviewer bias. Among 
»i-.mcn who were never-smokers, 64 were subsequently found to have malignant tumours 
• comprised the case series, and 149 never-smokers with benign breast disease were 
'"classified as controls. Risk estimates for exposure to secondhand smoke in the home were 
[ .adjusted for age, menopausal status, age at menarche, age at first full-term pregnancy. 
' total months of pregnancy, lactation history, education, race/ethnicity, body mass index 
and family history of breast cancer. NAT2 genotype was also determined, but was not 
j associated with risk for breast cancer in this study. No statistically significant association 
; found hetween exposure to secondhand smoke and breast cancer risk in these never- 
nukers (relative risk, 1.3; 95% Cl, 0.7-2.5) for any exposure to secondhand smoke in 
e home. [The Working Group considered that the strengths of this study included the 
1 that exposure data were collected prior to determination of case-control status. Its 
nitations were that it was a small study and that information on exposure to secondhand 
ioke was limited to exposure in the household ] 

|wA large Canadian study (Johnson el al., 2000) identified population-based incident 
s of breast cancer aged 25-74 years at diagnosis from the National Enhanced Cancer 
furteillance System beginning in April 1994 in some provinces (later in others) and 
[,continuing until July 1997, The study included 378 premenopausal and 700 postmeno¬ 
pausal never-smoking cases and 369 pre- and 845 postmenopausal population-based 
never-smoking controls. Exposure to secondhand smoke in the household during child- 
| hood and adult life as well as in the workplace were assessed. Relative risk estimates were 
|ijustcd for age, province, education, body mass index, alcohol use, physical activity, age 
1 menarche. age at the end of first pregnancy lasting 5 months or longer, number of live 
hs, months of breastfeeding and height. There was no evidence of an association 
x'een breast cancer and exposure to secondhand smoke during childhood or adulthood 
S postmenopausal women (relative risk estimates ranged from 0.9 to 1.3, none were 
artistically significant). However, premenopausal women had significantly elev ated risks 
|fer breast cancer associated with any exposure to secondhand smoke (relative risk. 2.3: 
jS*/o Cl, 12-4.6). exposure to secondhand smoke during adulthood (relative risk, 2.6: 
|% Cl, 1.1-6.0), and exposure to secondhand smoke during both childhood and adull- 
i (relative risk, 2.6; 95% Cl, 1.2-5.5). There was evidence of a strong dose-response 
Sftionship in premenopausal women associated with duration of residential and occupa- 
raa! exposure (p for trend = 0.0007). [The Working Group noted that the risk associated 
gith passive smoking was similar in magnitude to that in former active smokers (relative 
, 2.6) and was higher than that for current active smokers (relative risk, 1.9) in the 
ne study. The limitations of the study were that information was missing on a large 
nber of cases and controls who were excluded from this study and information on 
Xposure to secondhand smoke was available for only 59% of never-smokers.] 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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Two recent reports from a casc-control study of breast cancer in German women aged 
50 years and younger have used as the referent for assessing the risks of both active and 
involuntary smoking those women who have experienced no active and no passive expo¬ 
sure to tobacco smoke (lifetime non-exposed: < 1 (h/day) x year) (Kropp & Chang- 
Claude, 2002; Chang-Claude et a!., 2002), The study included 706 cases (response rate 
70.1%) and 1381 controls (response rate. 61.2%). Data were initially collected by self- 
administered questionnaires for active smoking, and later, living cases and controls were 
re-contacted for information on involuntary exposure to tobacco smoke. Of the orteinal 
participants, approximately 66%' of the casts and 79% of the controls completed this pan 
of the study. Risk estimates were adjusted for daily alcohol intake, total number of months 
of breastfeeding, education, fust-degree family history of breast cancer, menopausal 
status and body mass index. For active smoking, a relative risk of 1.1 (95% CL 0.6-2.0) 
was recorded, whereas never-smokers exposed to involuntaiy smoking had a statistically 
increased risk of about 60% (Kiopp k Chang-Claude, 2002). In a subgroup analysts of 
422 cases and 887 controls, the effect of NAT2 on the association between tohacco and 
breast cancer was considered (Chang-Claude et al ., 2002). When compared to women 
who had never been exposed to any tobacco smoke, no association with active smoking 
was seen in rapid acetylators and a modest statistically non-significant increase in risk was 
observed in slow acetylators. In contrast, passive smoking was associated with a 
statistically non-significant risk that was higher in rapid than in slow acety lators (relative 
risk. 2,0:95% Cl. 1.0-4.1; and 1,2:95% CL 0.7—2.0. respectively). [The Working Group 
noted that this study has included many subgroup analyses, had reported inconsruem 
findings related to active and involuntary smoking in the same study AND had obtained 
passive smoking data for only about 50% of study subjects. However, the strength of this 
study was the inclusion of a referent group of subjects who had not been exposed to ary 
tobacco smoke during their lifetimes by self-report.] 

2.3 Childhood cancers 

Many studies have evaluated the association of cancer risk in childhood with exposure 
to parental smoking since this issue was considered previously in the IARC Monograph 
Volume 38 (IARC, 1986). These associations will be evaluated below' for all cancers 
combined ami separately, for brain tumours, leukaemias and lymphomas, and other 
childhood cancers. 

Few studies distinguish times of exposure to tobacco smoke from parents, i.e. whether 
the exposure was preconception, in utem or postnatal. Exposure may have occurred in all 
three periods even when a study reports on only one, or exposure may also be reported as 
‘ever’. Involuntary smoking during each of these lime periods tends to be correlated, in 
particular exposure to secondhand smoke from the father because father’s smoking habits 
are less likely to change. 


2.3.1 All sites combined 

Four cohort studies (Neutel & Buck, 1971; Golding el al., 1990; Pershagen et a!., 
1992; Klebanoff et al., 1996) and ten case-control studies (Buckley et al., 1986; 
McKinney el al., 1986; Stjemfeldt et al, 1986; Forsberg & Kallen, 1990; John el al., 
1991; Golding et al., 1992; Sorahan et al, 1995; Ji et al., 1997; Sorahan e< al., 1997a,b) 
(Table 2.13) have examined the role of involuntary' exposure to tobacco smoke in risk for 
childhood cancers in general. 

All four cohort studies specifically reported on the risk associated with cancer related 
to mothers' smoking during pregnancy. Neutel and Buck (1971) identified 97 deaths from 
childhood cancer in a cohort of 89 302 births from Ontario (Canada), and England and 
«. Wales followed from 7 to Hi years. Children with a mother who had smoked during 
pregnancy had a relative risk of 1.3 (95% Cl, 0.8-2.2). No exposure-response relation¬ 
ship was apparent. [The Working Group noted several limitations of this study: uo control 
for potential confounders; completeness of follow-up unknown, and limited assessment 
of exposure to secondhand smoke.] 

; Golding et al. (1990) followed a cohort of 16 193 births for 10 years (1970-80) and 
a total of 33 cancers were diagnosed. After adjustment for social class, exposure to X-rays 
• during pregnancy, term delivery, administration of pethidine in labour and of drugs during 
infancy, a statistically significant increase in risk was found for children whose mothers 
; smoked five or more cigarettes per day during the index pregnancy (relative risk. 2.5; 
95% CL 1.2-5.1). [The Working Group noted that the strength of this study was that the 

• effect of exposure to secondhand smoke was independent of other risk factors found in 
v this study. Its limitations were that the completeness of follow-up was unknown and that 
4 there w as limited assessment of exposure to secondhand smoke.] 

Pershagen et al. (1992), in Sweden, followed a large cohort of 497 051 births. In 5 
“ years of follow-up, a total of 327 cancers that could be linked to data on maternal smoking 
; were diagnosed. Relative risks were adjusted for year and county of birth, birth order and 
j maternal age. No association was found for any maternal smoking during pregnancy 
(relative risk, 1.0; 95% Cl, 0.8-1.3) and no exposure-response relationship was seen for 
v number of cigarettes smoked during pregnancy (< 10 cigarettes per day, relative risk, 1.0; 
& >10 cigarettes per day, relative risk, 0.9). No cancer at any of the sites evaluated indivi¬ 
dually was associated with maternal smoking. [The Working Group noted that the 
, strengths of this study were that it was the largest cohort study, some statistical adjustment 
| of risk estimates had been made and there was a high rate of follow-up. Its limitation was 
i that there had been limited assessment of exposure to secondhand smoke.] 

• * The most recent prospective study to evaluate the association between maternal 

smoking during pregnancy and childhood cancer is the US Collaborative Perinatal Project 
j that included 54 795 children bom ffom 1959-66 who were followed until the age of 
; seven or eight years (Klebanoff et al., 1996). The hazard ratio for cancer in children 
i whose mother smoked during pregnancy compared to those whose mother did not was 0 7 
| (95% Cl. 0.4 1.2). Adjustment of the hazard ratio for maternal race. age. education. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 





Table 2.13. Childhood cancers, all sites combined, and involuntary exposure to parental smoking 


Re Terence 
(country) 

Sample 

Source pf 

information 
on exposure 

Duration (from birth) and 
completeness of follow-up 

Exposure 

Relative risk (95% Cl) 

Cohort studies 






Neutcl & Duck 
(1971) (Canada. 

United Kingdom) 

72 952 births in 
Ontario; 1 O 350 
births itt England 
and Wales 

Interview 

7-10 years in Ontario; 

7 years in England and 

Wales: coinplolcncss not 
reported 

Maternal smoking dur ing 
pregnancy 

1.3 (0.8—2.2) 

Golding et al. 
(1990) (United 

Kingdom) 

16 193 births. 

33 eases 

Cancer registry, 
medical record 

10 years diagnosis of 
children ^ l<> years of age; 
completeness not reported 

Maternal smoking 

> 5 cigarettcs/day during 
pregnancy 

2.5 (1.2-5.1) 

I’crshagcn ft «/. 

( 1 992) (Sweden ) 

497 <15 i births, 

327 cases 

Cancer registry 

6 vein's Ibllow-up; 327 of 

422 cancers linked to births 
with smoking data; 99% 
complete follow-up 

Maternal smoking during 
pregnancy 

C igarettes/day 
< 10 

Si 10 

1.0 (0.8-1.3) 

1.0 (0.8-1.4) 

0.9 (0.6-1.3) 

Klebanoff et al. 
(1996) (USA) 

54 795 births, 

51 cases 


7— 8 years follow-llp of 
cancel's diagnosed in 
children < 8 years old; 
completeness of follow-up 
not re ported 

Maternal smoking during 
pregnancy 

Incidence rate 

Smoker 

Nonsmoker 

Hazard rat in 

0.9 per IOOO 

4 per 1 000 
p < «. 15 

0.7 (0.4-1.2) 



Table 2.13 (contd) 


Reference Sample Source of Duration < from birth) and Exposure Relative risk (95% Cl) 

(country) information completeness of follow-up 

on exposure 


Case—control studies 


Buckley et at. 
(1986) (USA, 
Canada) 

1814 cases, 

720 controls 

In-person 

interview 

3 years diagnosis in children 
(age not reported); 100% 
response rate 

Maternal smoking during 
pregnancy 

Cigarettcs/day 

< IO 

> 10 

1? (0.9-1.9) 
1.0 (0.8-1.2) 

McKinney et al. 
(1986) (United 
Kingdom) 

555 cases, 

11 IO controls 

Not reported 

Duration and response rate 
not reported; children 
< 15 years of age 

Maternal smoking during 
pregnancy 

Cigarei f es/dciy 

1-10 

> 11 

1.1 (0.9-1.5) 
0.8 (0.7-1.1) 

Sljemfeldt et al. 
(1986) (Sweden) 

305 cases, 

340 controls 

Physician- 

distributed 

questionnaire 

3 years diagnosis of children 
< 17 years old. > 95% 
response rate 

Maternal smoking during 
pregnancy 

Cigarettes/day 

1—9 






> 10 

1 .(>,/» <0.01 

Forsberg & 

Kallen (1990) 
(Sweden) 

69 case*>, 

1 39 controls 

Medical record 

2 years diagnosis of children 
< TO years of age; response 
rate mil reported 

Any maternal smoking 

i.l (0.6 2.0) 

John et at. (1991) 
(USA) 

223 cases, 

196 controls 

Telephone 
, interview 

j 

t 

7 years diagnosis of children 
<15 years of age; 7 1 % case 
response rate; 63% control 
response rate 

Any maternal Slnokin;; in 
first trimester 

Paternal smoking in year 
prior to birth 

1,3 (0-7-2.1) 

1.2 (0.8-2.1) 
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able 2.13 (et>ntd) 


Reference Sample Source of Duration { from birth) and Exposure Retaii vc risk (95% Cl) 

Ito Lin try) information comp lei eness »»f follow-up 

on exposure 


Go id inj^ tit a J- 

195 oases. 

Medical record 

20 years diagnosis of 

Maternal smoking in 

2.0 (1.3 -3.2) 

f 1992) (United 

558 controls 


children (age not reported); 

pregnancy 


Kingdom) 



response rate POl reported 



Surah an et at. 

1 64 i eases. 

In-person 

Dentils 1977-8 1 in children 

Maternal prenatal 


(1995) (United 

1641 controls 

interview 

•< 1 <\ yeat s o f age; 6 1 % case 

smoking 


Kingdom) 



response rate; control 

Ctgaref t es/dci\ • 





response rate not reported 

1-9 

J.O (0.7-1.3) 





10-19 

1 2 (1.0- 1.4) 





20-29 

1.0 (0.8-1.2) 





30-39 

0.9 (0.6-1.5) 





>41) 

l .0 (0.9-3.0) 





Paternal prenatal 
smoking 

Cigar# ttcs/da m y 






1-9 

1.2 (0.8-1 .X) 





10-19 

1.2 ( 1.0-1 .6) 





20-29 

1.3 (1.1-15) 





30-39 

1.4 (1.0-1.8) 





> 40 

1.5 (1.1-2.0) 

Sornlian et at. 

1 549 cases. 

In-person 

Deaths 1953-55 in children 

Malemar smoking 


C1997a) (United 

1549 controls 

inlorvicw 

< 1 f> years of age; 88% CftNC 

C’/gtt/ irftes/day 


Kingdom) 



response talc: 94% control 

1-9 

1.0 (0.8-1.2) 




response rale 

10-20 

l .2 ( 1.0-1 .5) 





> 20 

1.2 (0.7- 2.3) 



i n 1 i g i 


T 

■A 



Table 2.13 (contd) 


Reference 

(country) 

Sample 

Source of 
information 
on exposure 

Dural ion (from birth) and 
completeness of follow-up 

Exposure 

Relative risk (95% Cl) 

Sonilian et «/. 
(IW7a) (contd) 

! 

j 

1 

| 


Paternal smoking 

Cigat vtfes/day 

1-9 

10-20 

> 20 

1.0 (0.8-1.3) 

1.3 (1.1-1.6) 

1.4 (1.1-1.9) 

p for trend < 0.001 

Sorahan et at. 

2587 cases. 

1 In-person 

Deaths J971- -76 in children 

Maternal smoking only 

1.0 (0.8-1.1) 

(1997b) (United 

Kir gdom) 

2587 controls 

in terview 

< 16 years of age; 63% case 
response rate; control 
response rate not reported 

Paternal smoking only 
Both parents smoking 

1.3 (1.1-1.5) 

1.3 (1.3-2.4) 

Ji et at. (1997) 

642 cases. 

In-person 

10 years diagnosis of 

Paternal smoking 


(China) 

642 controls 

interview 

children < 1 5 years of age; 
83% case response rate; 

100% conlrol response rate 

Cigarettes/day 
< 10 

10-14 

> 15 

Paternal smoking (years) 

< 10 

10-14 

> 15 

1.5 (1.1-2.3) 

1.1 (0.8-1.6) 

1 -5 () .0-2,3) 

f .2 (0.7-1.8) 

L .1 (0.8-1.7) 

1 .7 (1 .2 2.5) 


p for trend = 0.007 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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socioeconomic status, height and pre-pregnancy weight as well as previous pregnancies 
exposure to diagnostic radiation during pregnancy, feeding of infant in hospital, sex of 
infant and date of delivery had only a minimal effect on the point estimates, all of which 
remained in the range of 0.6. [The Working Group noted that the limitations of this study 
were that the completeness of follow-up was unknown, but the estimates of expected inci¬ 
dence suggest that few cases were missed, and that assessment of exposure to secondhand 
smoke was limited.] 

Buckley c: al. (1986) conducted a case-control analysis using data from the US 
Canada Childrens Cancer Study Group. These investigators compared smoking by 
mothers and fathers of 1814 childhood cancer cases with that of parents of 720 controls 
selected at random from approximately the same geographical regions as cases. Smoking 
in the periods before and during pregnancy was assessed. No association was found 
between maternal smoking during pregnancy (< 10 cigarettes per day, relative risk, 1.3; 
95% Cl, 0.9-1.9: > 10 cigarettes per day, relative risk, 1.0; 95% Cl, 0.8-1.2) and no asso¬ 
ciation with paternal smoking was found [relative risk not reported]. Adjustment for 
potential conlounders such as year of birth, age of mother, illnesses during pregnancy and 
socioeconomic factors, did not alter findings. [The Working Group noted that the strength 
of this study was the large sample size and its limitations were that the report lacked 
details of the study and the control group was not well described.] 

In a case-control study based on the Inter-Regional Epidemiological Study of Child¬ 
hood Cancer in the United Kingdom. 555 cases of cancer in children < 15 Years efface 
and I! 10 controls matched for age and sex were compared for exposure to maternal 
smoking during pregnancy (McKinney eiaL, 1986). There was no evidence of an asso¬ 
ciation between maternal smoking and risk for childhood cancer (1-10 cigarettes per day. 
relative risk, 1.1; 95% Cl, 0.9-1.5; > 11 cigarettes per day. relative risk. 0.8; 95% Cl. 
0.7-1J). [The Working Group noted that the strength of this study was the large sample 
size. The limitations were that the report provided few study details; other than matchina 
for age and sex there was no adjustment for potential confounders. and there was limited 
assessment of exposure lo secondhand smoke.] This dataset was recentlv rc-eval uated 
(Sorahan el al.. 2001), Microfilmed interview records of all study subjects were reviewed 
and information on parental cigarette smoking habits was re-abstracted. There was a 
statistically significant positive trend (p = 0.02) associated with daily paternal cigarette 
consumption before pregnancy for all cancers combined when cases were compared with 
controls selected from General Practitioners’ (GPs’) lists (n = 555), but no sipificanl 
association was observed when cases were compared with hospital controls (n = 555). The 
opposite was seen for maternal smoking before pregnancy: an inverse trend (p < (1.001) 
was noted between daily cigarette consumption when cases were compared with hospital 
controls, but not when compared with GP controls. Risk estimates were adjusted for 
socioeconomic status, ethnicity, parental age at child’s birth and other parent's smoking. 
[The Working Group noted that the two sets of controls produced very' different results 
that are not easily explained ] 
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Stjemfeldt el a!. (1986) reported the findings of a nationwide case-control study in 
Sweden dial included 305 cases of cancer in children £16 years of age and 340 children 
with insulin-dependent diabetes mellitus who served as controls. Estimates of relative risk 
were adjusted for year of child’s birth and maternal age, illness during pregnancy, occu¬ 
pation and place of residence. A 50% (p < 0.01) increase in risk for cancer was associated 
with in-utero exposure to maternal smoking. [The Working Group noted that the strengths 
of the study included the good response rate and the attempt to control for response bias 
bv using children with diabetes mellitus as controls; its limitation was that the appro¬ 
priateness of the control group was unknown.] 

A case-control study from Sweden by Forsberg and Kallen (1990) found no asso¬ 
ciation between childhood cancers and maternal smoking (relative risk, 1.1:95% CL 
0,6-2.0) based on 69 cases and 139 controls for whom maternal smoking status was 

- ■ known. [The Working Group noted that the limitations of this study included the small 
; sample size, uncertainty as to whether original case-control matching also applied to the 

substudy sample and the limited assessment of exposure.] 

John el al. (1991) evaluated both maternal and paternal prenatal smoking histories in 
relation to risk for childhood cancer. The study included 223 incident cases < 15 years ot 
“ age diagnosed from 1976 to 1983 in Denver, CO, USA. Controls were selected using 
j random digit dialling and were matched to cases on age. sex and telephone exchange, and 

] 196 controls were included in (he analysis. Mothers* and fathers’ smoking was highly 

i correlated. Of the 109 children exposed to mother’s smoking during the first trimester. 

' 81% were also exposed to father's tobacco smoking while an additional ] 05 children were 

- exposed to father’s smoking alone. Mother’s smoking during the first trimester was asso¬ 
ciated with a modest statistically nonsignificant increase in risk for childhood cancer after 
adjustment for father’s education (relative risk, 1.3; 95% Cl, 0.7-2.1). Children whose 
mothers did not smoke who were exposed to father’s smoking also had a modest, statis¬ 
tically non-significant increase in risk (relative risk, 1.2:95% Cl, 0.8-2.1). [The Working 
Group noted that this study included a more detailed assessment of exposure to second- 

. hand smoke than did earlier studies.] 

Golding efdr.\\992) conducted a case-control study in the United Kingdom to assess 
the association of childhood cancer with administration of intramuscular vitamin K and 
pethidine during labour. Data on mothers’ smoking during pregnancy as a potential con- 
founder were collected. A twofold increase in risk (relative risk, 2.0; 95% Cl, 1.3-3.2) 
| adjusted for year of delivery was found. [The Working Group noted that this study was 
I not designed to investigate exposure to secondhand smoke, that only maternal smoking 
: during pregnancy was recorded and that there was only minimal control for potential 
confounders,] 

Three reports from the Oxford Survey of Childhood Cancer (OSCC) provided data 
i from large case-control studies of childhood cancer deaths during different time periods: 

1977-81 (Sorahan a al, 1995), 1953-55 (Sorahan et a!.. 1997a) and 1971-76 (Sorahan 
e e i al., 1997b). The first report in 1995 included 1641 cases and an equal number of 
controls. There was no association with prenatal maternal cigarette smoking: however. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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patcraa smdan® was associated with a statistically significant positive trend in f 0rtrert i 
When cigarette use by one or both parents was adjusted for social class maternal 
age at birth and use of alcohol, the relative nsk was 1.4 (95% Cl,!. 1-1.7) for father's 
of Cigarettes and 1.4 (95% Cl, 1.1 -1,7) for cigarette use by both parents, whereas cfoaretj 
use by mother was not Statistically significantly associated with an increased risk (relative 
nsk. 1.2; 95% Cl, 1.0-1.6). A total of 1549 deaths from childhood cancer between |9« 
and 1 955 and 1549 matched healthy controls were used to further investigate the earlier 
indmgs from the OSCC (Sorahan et at., 1997a). After adjustment for smoking bv th~ 
spouse. social class, age of father, age of mother, birth order, and exposure io ohsictw 
radiography, no statistically significant dose-response trend was found to be associated 
with maternal smoking, but maternal smoking only was associated with a 30% increased 
nsk for childhood cance. (relative risk, 1.3; 95% Cl, 1.1-1.5). At the highest level nf 
paternal smoking (> 20 cigarettes per day), a clear trend was noted (p for trend < 0 OOli 
wit a relative risk of 1.4 (95% Cl, 1.1-1.9); paternal smoking only was also associated 
wmh increased nsk (relative risk, 1.7; 95% Cl, 1.3-2.2). The third report (Sorahan * 
1397b) which examined deaths from 1971 to 1976 provided very similar results to those 
in the first two reports, i.e. no clear association with childhood cancer was evident for 
maternal smoking and there was a statistically significant positive trend for paternal 
smoking..[The Worfang Group noted the very large sample sizes, the consistent finding 
over time, the adjustment for potential confounders and the assessment of closure from 
mothers and fathers with data for trends.] 

A large case-control Study in China by Ji et ai. (1997) also examined patens', 
smoking and risk for cancer in children (< 15 years of age) of nonsmoking mothers. Rela¬ 
tive risks were adjusted for birth weight, income, paternal age, education and alcohol 
drinking. For all sites combined, the relative risk for 'ever smoking’ by the father was 1.3 
(95% Cl, 1.0-1.7). Statistically significant trends were found for duration of paternal 
smoking (p for trend - 0.007) and pack-years (p for trend = 0.01), but not age of starting 
smoking ip for trend = 0.28) or cigarettes per day ip for trend = 0.07). [The Woiking 
Group noted the large sample size, the minimization of exposure misclassification be 
including only children of nonsmoking mothers, the adjustment for potential confounds 
and the extensive exposure assessment for fathers.] 

Bofletla & al. (2000) conducted a meta-analysis of childhood cancers associated with 
passive exposure to smoke based on the random effects model. The relative risk estimate 
lor maternal smoking during pregnancy for all cancers combined included all cohon 
studies and eight of the ten case-control studies listed in Table 2.13 (Sorahan et al. 1997b; 
Ji et al. 1997, were not included). The results suggest a small increase in risk for all 
cancers for maternal smoking during pregnancy (relative risk, 1.1; 95% Cl. 1.0-1.2). bifl 
not for specific cancer sites. Results on exposure before and after preenanev were too 
sparse for any conclusion to be drawn. Studies of exposure to paternal tobacco smoke and . 
risk for all cancers combined are fewer than those addressing maternal smoking and no 
relative nsk was reported in this meta-analysis. 
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tj 3.2 Brain and central nervous system 

J. Table 2.14 lists one cohort study (Pershagen et al 1992) and 15 casen:ontrol studie 
- (Gold etal, 1979; Preston-Martin eta!., 1982;Stjerofeldt et al., 1986; Howe et al.., 1989 

* Kuijlen et a!., 1990; Gold et al., 1993; Bunin et al., 1994; Cordier et al, 1994; Filippin 
e! al, 1994; McCredie et al., 1 994; Noraian et al., 1996; Ji et a!., 1997; Sorahan et al. 
1997a, b; Filippini et al, 2000) that have examined parental smoking and risk for brail 
tumours or for all tumours of the central nervous system combined. 

Only the cohort study of Pershagen ei al. (1992) (see section 2,3.1) has published t 
relative risk for tumours of the central nervous system. .No association was found betweer 
nateraal smoking in pregnancy and risk for tumours of the central nervous system. 

The first case-control study to examine risk for brain tumour and maternal smoking 
*as reported by Gold et al. (1979). This study was conducted in the USA and included 
i i l children with brain tumours and two control groups. One control group comprised 78 
,jjdren with other malignancies matched on sex, race, date and age at diagnosis, and the 
vther, 73 children selected from the state birth certificate file and matched on sex, date of 
*y birth and race. Risk associated with maternal smoking before and during pregnancy was 

* associated with large non-statistically significant risks for childhood brain tumour that 
■were based on a small sample size. 

Preston-Martin el al. (1982) reported the findings from a larger case-control study in 
the USA designed to evaluate the risk for brain tumour associated with childhood 
I exposure to V-niiroso compounds, including those from tobacco smoke. No increased risk 
was associated with maternal smoking, but a relative risk of 1.5 (p - 0.03) was found for 
^children of mothers living with a smoker during pregnancy. The small Swedish case- 
! control study by Stjenifeldt et al. (1986) (see section 2.3.1) found no increased risk for 
| tumours of the central nervous system associated with maternal smoking in pregnancy. 

R . An exploratory case-control study of brain tumours in Canadian children diagnosed 

■ Ontario between 1977 and 1983 included 74 eases and 138 age- and sex-matched 
■ontrois. The study found neither maternal nor paternal smoking during pregnancy to be 
atistically significantly associated with risk for brain tumours (Howe et al, 1989). Simi- 
arly, a population-based case-control study in the USA of childhood astrocytomas that 
included 163 case-control pairs found no increased risk associated with any smoking by 
[either moth er or father (K uijten et al. ,1990), 

A large population-based case-control study in the USA of childhood brain tumours 
arnined smoking by both parents in some detail. The study included exposure 
Assessments for the preconception period as well as the pre and postnatal period (year of 
tilth of child) and dose-response estimates (Gold et al. , 1993). There was no statistically 
significant association between risk for brain tumours and any indicator of parental 
poking. [The Working Group noted that this was a well-conducted study designed to 
examine parental smoking in detail, and having sufficient statistical power.] 

Bunin et al. (1994) studied the two most common types of brain tumour, astrocytoma 
and primitive neuroectodermal tumour, in children less than six years of ace. Controls. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



Reference 

(country) 

Sample 

| 

Source of 
information 
vn exposure 

Duration (Horn birth) and 
completeness of follow-up 

Exposure 

Results 

Relative risk (95% Cl) 

Cohort study 

Pershagen 
el a/. (1992) 
(Sweden) 

497 051 births. 

81 CNS liimouis 

Cancer 

registry 

Up lu 5 years Follow-up; 
99% complete 

Maternal smoking during 
pregnancy 

Cigar&ttcs/cfay 


Case-control studies 



© c 

V Al 

0.9 <0.55-1.6) 

1.1 C0.fi- 2.1) 

Gold e/ al. 
(1979 MUSA) 

84 brain tumours, 

73 population 
controls, 78 cancer 
controls 

fn-person 

interview 

f O years diagnosis of 
children < 20 years old; 

66% case response rnte; 

20% population control 

Maternal smoking during 
pregnancy 

With population controls 
With cancer controls 

5.0. p 0.22 


I'reston- 
Martin et al. 
(1982) (USA) 

Sijcrnfeldt 
(ft al (1986) 
{Sweden) 


209 brain tumours, 
209 controls 


43 brain and CNS 
tu mours, 

332 controls 


Telephone 

interview 


physician- 

distributed 

questionnaire 


response rate; 44% cancer 
control response rale 
5 years diagnosis oFcases 

< 25 years old: 66% case 
response rate: 7X% control 
response r<ilc 

3 years diagnosis in children 

< [ 7 years old; > 95% 
response rate 


Maternal smoking during 

pregnancy 

Mother living with a 

smoker 

Maternal smoking during 
pregnancy 

Cigfirctf^x/cicn 

1-9 
> 10 


l I (onesided p — 0.42) 
1.5 (one sided p = 0.03) 



T able 2.14 (contd) 


Reference Sample 

(con ntry) 


Source of I Jurat ion (from birth) and 

information completeness i>f follow-up 

on exposure 


1 [owe el oi. 

(1989) 

(Canada) 


74 brain tumours, In-person 

138 controls interview 


Kuijtcn et al. I 63 astrocytomas. In-person 

(1990) (USA) 163 controls interview 


Cold et al. 361 brain tumours. In-person 

(1993) (USA) 1083 controls interview 


6 years diagnosis oi children 

< 20 years of age; 60% case 
response rale; 86% control 
response rate 

6 years diagnosis of children 

< 1 5 years ofage; 80% case 
response rate; 73%. control 
response rate 

4 years diagnosis of children 
c ] s years ofage; 85% ease 
response rate; 85%, control 
response rale 


Exposure 


Results 

Relative risk (95% Cl) 


Any smaking 

Mother 

1.4 (0.7—3.0) 

Father 

l.l (0.6-2.1) 

Any smoking 

M other 

1.0 (0.6-1.7) 

father 

0.8 (0.5-1.3) 

Any smoking 

Mother 

0.9 <0.7-1.2) 

Father 

1.1 (0-8-1,4) 

On ring year of birth 
(packs/dtiy) 

< 1 

> l 

0.8 (0-6—1.3) 

1 .() (0.7-1.4) 

0.7 (0.4-1.2) 
1.1 (0.8-1.5) 

Two years before, birth 
('packs/day ) 

< 1 
> l 

0.8 (0.5 — ! .1) 

1 .0 (0.7-1 .4) 

0.9 (0.5-1 .5) 
1.2 (0.9-1.6) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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[ able 2.14 (contd) 


Reference 

(country) 

Sample 

Source of 
information 
on cxpnstiic 

Duration (from hilt It) and 
completeness of follow-up 

Exposure 

Results 

Relative risk (95% Cl) 


Hun in atttl. 

155 astrocytic 

Telephone 

3 years diagnosis of children 

Astrocytic glioma 

Mm her 

Fa t h er 


( 1994) (USA) 

gliomas. 

interview 

< 6 years of age; 65Vcase 

Ever smoked 

1. 1 (0.7 1 X) 

1.1 (0.7-1 

X) 


J (if) primitive 

♦ 

response rule; SI"" control 

Smoked during pregnancy 

1.11(0.6 1.7) 

1.0(0.6 i 

.7) 


nettroeciotlemial 


response rale 

Primitive netir»- 





tumours and 155 



ectndcrmnl tumour 





arid 166 controls. 



Ever smoked 

0.9 f 0,6-1.5) 

0.9 (0.6-1 

.5) 


respectively 



Smoked during pregnancy 

1.0(0.6 1.7) 

1.0 (0.6-1 

-7) 

Cordier e/til. 

75 brain tumours. 

In-person 

2 years diagnosis of children 

Any smoking by mother 

1,0(0.7-3.5) 



(1994) 

1 13 controls 

interview 

<■ 15 years of age; 69% ease 





( France) 



response rate; 72% control 








response rate 





Fihppini 

91 brain tumours. 

In-person 

3 years diagnosis of children 

Maternal smoking during 

1.7 (O X -3.8) 



ef at. (1994) 

321 controls 

interview 

< 1 5 years of age; KX% ease 

pregnancy 




(Italy) 



response rate; 75% control 

Male run f smoking 







response rate 

1—10 cigarettcs/day 

2.0 ( 1.0-4.0) 







> 10 cigareltes/day 

1.6 (0.5—4. X) 







Pplerpal smoking before 

1.3 (0.8—2.4) 







pregnancy 




McCYcdio 

82 brain tumours. 

In-porson 

4 years < 1 iagunsis of children 

Questions related It) 

No.unsocial ion 



el at. (1994) 

1 64 controls 

interview 

< 15 years of a tic. 85% ease 

sources of exposure to 





1 Australia) response rale: fid 1 ’;. r<'iiir«>l A/-nitrnso compounds 

response I'olc including lohjiceo smoke 




so 


<3--. 


rr 


,-r ilTi’v 


Table 2.14 (contd) 

Reference Sample 

{country) 


Norman et at. 540 brain tumours, 
f I 996) (USA) 801 controls 


1 07 bruin tumours, 
107 controls 


Sornhnn <’/ at. 
t I *>97:1) 

(United 
Kingdom) 
Sorahan el at. 
(1997b) 

1 United 

Kingdom) 


229 CNS tumours, 

220 controls 


4 1() CNS tumours. 

410 controls 


Source of 
inlomvitjon 
on exposure 

In-person and 

telephone 

interviews 


In-person 

interview 


In-person 
interview 


In-pcrson 

interview 


Duration (from birth) and 
completeness offollow-up 


0 years diagnosis of children 
<15 years of ago: 7 I % case, 
response rate; 74% control 
response rate 
10 years diagnosis of 
children < 15 years of age; 
83% case response rate; 
lOOVo control response rate 


Dcotli.s 195.1- 55 in children 
<. I 6 years of age: NX'lo ease 
response rate; 94% control 
response rate 

Deaths f97l—7ft in children 
< IA years of age; 63% ease 
response rate: conirol 
response rale not reported 


Any smoking 


Paternal smoking 
Cigare flex/(Jay 


Results 

Relative risk (95% Cl) 


Mother Father 

1.0(0,7-1.3) 1.210.9-1.5) 


1-9 

1.5 (0.5-4.5) 



10-44 

1.6 (0.0—4.7) 



> 15 

2.1 (0.6-8,1) 



Duration of exposure 




(years) 




<10 

0.8 (0.2 -3.8) 



10-14 

1.3 (0.4-4.1 > 



> 15 

3.4(l>.*# 12.5) 



Pnrent;il smoking 

Mother 

Father 



1.0 (0.8- 1.4) 

1.2 (1.0- , 

1.5) 

Parental smoking 

Mother 

1'at her 



1.1 (l.fl-1.2) 

1.0 (0.9-1 

-1) 


3006392 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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selected by random-digit dialling, were matched to cases on race, year of birth, and 
telephone area code and prefix. Estimates of relative risk for astrocytoma were adjusted 
for income level, but primitive neuroectodermal tumour estimates were unadjusted. No 
association was found between either of these types of tumour and maternal active (ever 
and/or during pregnancy) or passive smoking (during pregnancy! or paternal smoking 
(ever and/or during pregnancy). 

A non-statisiically significant increase in risk for brain tumours (relative risk, 1.6: 
95% Cl, 0.7-3.5) associated with any smoking by the mother was found in a small case- 
control study in France (Cordier cl ai. 1994). Filippini c! ah (1994) in Italy assessed die 
risk associated with active and passive smoking by mothers during pregnancy in a case- 
control study with 9! cases. Active smoking by the mother during pregnancy was asso¬ 
ciated with a relative risk of 1.7 (95% CJ, 0.8-3.8); no dose-response relationship was 
observed. Relative risks were adjusted for education level. Among nonsmoking mothers, 
the relative risks for light and heavy exposure to secondhand smoke were 1.7 (95% CL 
0.8-3.6) and 2.2 (95% Cl, !.1-4.5; p trend = 0.(12). McCredie et a!. (1994) conducted 
another small, population-based case-control study of brain tumours in Australia. Two 
controls were matched to each case by age and sex. No association was found w ith expo¬ 
sure to tobacco smoke from another member of the household, hut no risk estimates were 
provided. (The 'Working Group noted that the limitations of these studies were that they 
lacked statistical power; there was limited adjustment for potential confnundem and 
limited assessment of exposure.] 

The findings from a large, population-based case-control study of brain tumours in 
children < 15 years of age diagnosed from 1984 to 199! provided no support for an asso¬ 
ciation between brain tumour risk and maternal or paternal smoking before pregnancy or 
maternal smoking during pregnancy (Norman el al. 1996), Risk estimates were at or 
below unity and there was no evidence of a relationship between risk for brain tumours 
and amount or timing of exposure. [The Working Group noted that the strengths of this 
study were that it was large and included a relatively detailed assessment of exposure ] 
Three studies discussed previously (3i etah 1997: Sorahan el ah 1997a.b) found no 
increased risk for brain tumours associated with father's smoking (Ji el ah, 1997) or of 
tumours of the centra! nervous system associated with maternal or paternal smoking 
(Sorahan et a!., 1997a,b; 2001). 

Filippini el ah (2000) in northern Italy, conducted a population-based case-control 
study of childhood turnouts of the central nervous system with cases diagnosed from 1988 
to 1993. Cases from their previous study (Filippini el al.. 1994) were excluded. Active 
smoking by parents before pregnancy was not associated with increased risk. Active 
smoking by motken in early pregnancy was associated with a small increase in risk (rela¬ 
tive risk, 1.5; 95% C!, 1.0-2.3). An increase in risk was also associated with passive 
| smoking by nonsmoking mothers in early pregnancy (relative risk, 1.8; 95% Cl, 1.2-2.6) 
and late pregnancy (relative risk. 1.7; 95% Cl, 1.2-2.5). 

The results of the meta-analysis by Boffetta et al. (2000) indicated no significant 
increase in risk for tumours of the central nen’ous system associated with maternal 


Source: https://w 2 Jlv.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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smoking during pregnancy (relative risk, 1.0; 95% CL 0.9-1.2), but exposure t 0 paieTQ , 
smoking suggested an increased risk for brain tumours (relative risk, 1.1; 95% p. 
1.1-1.4). [The Working Group noted that this meta-analvsis included two studies? 
neuroblastoma and one study of retinoblastoma with tumours of the central ner\- 


2.33 Leukaemias and lymphomas j 

The only cohort study to repon specifically on lymphatic and haematopoietic esner ? 
fPcrshagen et al.. 1992) and lb case-control studies with data on one or more oft** i 
types of malignancy are included in Table 2.15 (Manning & Carroll, 1957; Stewart e/ 0l , j 
1958; Van Steensel-Moll et al., 1985; Buckley et al, 1986; McKinney et aL, 1986, J ' 
Stjemfcldt et al, 1986, Magnani et a!., 1990; John et al. 1991; Roman et a!., 199} j ; 

Severson et al., 1993; Shu et al., 1996: Ji el al, 1997; Sorahan et al, 1997a,b; Bronduir, I 'e 
et al., 1999; Infante-Rivard et al, 2000). { 

A total of 129 lymphatic and haematopoietic cancers were diagnosed during 5 yean 1 ; 
of follow-up in the Swedish cohort (Pershagen et al., 1992). No association was observed 1 . 
between the development of these cancers and smoking during pregnancy or any an* 
of smoking by the mother. ley 

Manning and Carroll (1957) found no difference in the proportion of mothers c 
children with leukaemia who smoked 10 or more cigarettes per day at the time o', | 
interview when compared to control mothers (39% versus 28%) and a somewhat lw I 
proportion of mothers of children with lymphoma (31%) who smoked at that level A S 
second early study (Stcwan et al. 1955) reported a v ery small but statistically sigtih’icaK 
increase in risk for death from leukaemia among children of mothers who had ever 
smoked (relative risk. I ,]'.p < 0.04). [The Working Group noted that neither study was 
designed specifically to study the effects of involuntary smoking; only unadjusted pro¬ 
portions were reported.] 

Van Sleensel-Mull a al. (1985) found no association between maternal smoking in the 
year before pregnancy and risk for acute lymphocytic leukaemia in a study in the 
Netherlands designed to assess maternal fertility problem^ and this risk. [The Working 
Group noted that the strength of this study was the large number of cases. Its limitations 
are the limited assessment of exposure and the questionable time period.] The case- . £ 
control study in Sweden by Stjentfeldt et al. (1986) included 157 cases of acute lympho- L 
blastic leukaemia, 16 cases of non-Hodgkin lymphoma and 15 cases of Hodgkin disease- . i 
A statistically significant positive trend (p trend <0.01) was found for number of ciga- | 

reties smoked per day by the mother during pregnancy and risk for acute lymphoblastic , 

leukaemia. No statistically significant association with smoking was observed for either t 
non-Hodgkin lymphoma or Hodgkin disease based on a very small number of eases. | 

McKinney et al. (1986) found no association between maternal smoking during If. 
pregnancy and risk for childhood leukaemia or lymphoma. Buckley et al. (1986' s l s ’ If 
faded to find an association between maternal smoking during pregnancy in their large k 


S ? .i v « 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 


3006392641 




Table 2.15 (contil) 


Reference (country) Sample 


Magi unit tf at. 
<1990) (Italy) 


Jnhn <■( oi. ( I yy I) 
(USA) 


Severson vi at. 

I 199?.) |USA. 
Canudn) 

Roman at at. (1993) 
I United Kingdom) 


Shi i cr at. ( I *>96) 
( USA, Canada, 
Australix) 


■i flat. < 19-17 | 


\ 

-i- 

142 All. 22 othdr 
leukaemia-: (non- 
ALU. 19 NHL 
3D7 cool t ots 
71 leukaemias, 

26 lymphomas. 

196 eimlrok 

I 87 acute myeloid 
leukaemias. 

187 eoittmla 

54 leukaemias and 
NM|„ 324 controls 


'.111? leukaemias, 

558 controls 


Ififi vu:uie 
leukaemias, 

87 j)'in|i|.bis. 

166 am I S7 eonlmls, 
rest-itindy 


Source of 

in formal i on 
tin exposure 

Duration f from hirili) anti 
coinpklnies:: c»|* tbllew-up 

Exposure 

Results 

Relative iifrk(9? n 4. < f) 

Ip -person 

10 yv'ire i ■■ rj 

imits in ciivcs 


All 

Mon-A LI. NHL 

interview 

< 15 r . 1 

fipf. Kespnivw 

Maternal smoking up <c* 

1)7 (0.5 -1. T > 

2.0 (ti.8—4.8) 1.7 r() 7—4.5) 


rale 11 - a rep,'!' 


child's birth 






Paternal .smoking 

0.9 10.6- 1.51 

0.9 (U..1 -2.1) 6.7 (1.0 43 .4) 

Telephone 

7 ye ■ i. , 

1 1 ' ell i Mten 

Maternal atnttkinn 

AM. 

Noil-AI ,L Lvin|>l|onifl 

interview 

<15 "•••: i '1 

'vr- 

3 monlhs before conception 

2.J 1 1.0-4.3) 

O.K «).2-2.7i l’ f "i. —5.2) 


respmt.M- < 

■ ... 

First trimester 

2.3 1 1.1 5 0) 

i • i. 1 -7.(11 


resp ■ use r i 


AII 3 trimcslcrs 

2.5 112 5.11 

ID* (0.1 -3.11) 2.7 , < i-7.6) 

Telephone 

4 year? -• •• n- 

• • i i Mt’Cn 

Motvrnat s funking 



interview 

< 1 8 yes i ■ ■ 

’ "■' i ease 

During pregnancy 

1 .7. <0.8 -i Sfl 



resp. ne 

. ■ • >trof 

Current smoker 

0.9 (0.6- ) .4j 



rvspe. i -.. ■ . lX . 


Ever smoker 

1.3 (0 V-2.1 ) 


Interview, 

17 v-,-. ■ . 


Smoking during pregnancy 



birth ccrlifi- 

, • i 


From obstetric records 

0.4 HO 2.51 


LiltfS. occu¬ 

respi i '' i. 

ml 

From interview 

0.5 (0.2 1.2) 


pational and 

rcspci r •• 





medical 






rcxOdls 






Telephone 

5 years <'i ■ y • ■ 

1 li- ‘ ClI 


M Oilier 

Fallu-r 

interview 

s 18 iiioi.i.i<i , 


Smoking during pregnancy 


1,2 «i.V 1.8) 


ease response 


Ciyat »v te.s/c/a\> 




control rrspnr 

• i 'iVC 

\ A 0 

0.7(0 1 1.(1) 





1 1-20 

0-6 1 0.-1 1.1) 





> 20 

0.6 <0.2 1.8) 






p for It end 0.03 


l ri-person 

1 9 yea it il'nigr - 

«*r 

Pnicrnai smoking he live 

Aenif loiifcaoniin 

Lymphoma 

inlcrvicw 

children - h v 

l 1. 

concept i«w» 




m n /o case i es[». 

•1ISL. k.lie; 

(LAgaeottexAinv 




11 »% ctMi'nd UMpiHtsc rale 

«•- It) 

16(0.7 3.9) 

3.4 (0.8-14.0) 




10 -14 

0.9 <41.4 J .5 1 

l.l (0.3 4.8) 




* 1 5 

1.9 (O f, 1.6, 

3.X III.9 [6.5J 





/r fiir Til-Oil 0.7/ 

/: flu trend - O.flV 


Table 2-15 (contd) 


Reference (country) Sample Source of Dural ion < from hi rlh) smd Exposure keriilh 

information eomplcteiiocn wl" tv. I low-up Relative risk {95’Vn <‘1) 

on exposure 


Jt ft at. (1 997) 




rack year* 




(contd) 




< 5 

0 9 ((1.4 

1.2) 

2.8 (0.6-12.8) 





> 5„< |() 

1.1 {(1.5 

2.61 

1.3 (0.3-5.5) 





> 10 

1.9 (0.8 

4.6) 

5.7 (1.3-26.0) 






p fitr trend — <1.(16 

p lor trend ^ 0.03 

Sorahiui fl erf. 

367 ALL, 

In-peiscm 

2 years diagnosis of children 

Parental smoking 

Mother 


Father 

(1997a) (United 

1 15 myeloid 

interview 

< 16 years nlcl: 88% ease 

Leukaemias 




Kingdom) 

leukaemias. 


response rale; 60% Control 

All. 

1.2 (Ml 

T.5) 

l.l (0.9-1.3) 


27 monocytic 


response rate 

Myeloid 

1.2 (0.9 

1 71 

1.0 (0.7- 1.3) 


leukaemias. 



Monocytic 

1.2 (0 6 

2.5) 

1.1 ( 0 .r» 2 . 0 ) 


216 ulher. 



Other 

1.2 (0-9 

1.6) 

l.l (0.9—1. 4 > 


unspecified 

leukaemias. 

125 lymphomas, 
equal numbers of 
controls 



Lymphomas 

0.8 (0.6 

1.1) 

14 (1.0-I.X) 

Somhaii c 'till. 

573 ALL. 

Jn-person 

5 years din gnosis in children 

Parental smoking. 

M othev 


Father 

< 1997b) tl.nitetl 

I 90 myeloid 

interview 

lOycais of age; 57% cave 

Leukaemias 




Kingdom) 

leukaemias. 


response rule; ?2' l (i control 

ALL 

1.0(6-9 

1.1 ) 

l.l (1.0-1.2) 


25 motutcylic 


response rate 

Myeloid 

1.0 «).* 

1.2) 

1.3 (1.1 1.51 


leukaemias, 47 other 



Monocylie 

0.7 {0.4 

1.2) 

11.8 (0.6-1.3) 


unspecified 



Other 

0.9 <0.7 

1.3i 

1.0 f II. 8-1.3) 


leukaemias, 

|65 lymphomns, 
equal Itiimhers <tf 

con iritis 



Lyrnphot));ps 

1.1 (0-9 

L2) 

1 l 10.9-1 2‘ 

Drondum »y at. 

I 842 ALL, 1987 

Telephone 

3.5 years 1 . -me 


ALL 


AML 

( 1999) Hjsai 

eunlri,|*>. 517 aML, 

ipierview 

leuknemi ■ !" of 

Father over r.moked 

1 .0 (0.9 

1 .2 1 

0.9 t 0.7-1 .2) 


6 12 controls 


.!•.■ C r\s_: •••«.. • 

Mother ever smoked 

1.0 (1)9 

t.3) 

1.0 f 0.7 -1.2) 


• A LI • -.M! 
c.i. . .l .)I !■••• : • i . ml- • 

?A ALI. o , i. 

7 ,: Ml. vO'd.• 1 


70 

-< 


O 


t 

i 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392642 


1 ARC MONOGRAPHS VOLUME 83 





1304 


1 ARC MONOGRAPHS VOLUME 83 


involuntary smoking 


1305 




study that included 742 cases of acute lymphocytic leukaemia and 169 cases of non- 
Hodgkin lymphoma. 

Magnani el al. (1990) found no association between acute lymphocytic leukaemia, 
other leukaemias nr non-Hodgkin lymphoma during childhood and the mothers smoking 
up to the lime of the child's birth. The father's history of smoking was associated with a 
risk for non-Hodgkin lymphoma (relative risk. 6.7; 95% Cl. 1.0-43.41, but not for acute 
lymphocytic leukaemia or other leukaemias. This Italian hospital-based case-control 
study included 142 cases of acute lymphocytic leukaemia, but only a small number of 
non-Hodgkin lymphoma in =■ 19) and other types of leukaemia in = 22). Risk estimates 
were adjusted for socioeconomic status only. 

The case-control study in the USA reported by John el al. (1991) included 73 cases 
of leukaemia and 26 cases of lymphoma. Statistically significant increases in risk were 
. sociated with maternal smoking 3 months before conception for acute lymphocytic 
.eukaemia; with smoking during the first trimester for acute lymphocytic leukaemia; and 
during al] three trimesters for acute lymphocytic leukaemia (relative risk, 2.5; 95% Cl. 
12-5.4) and lymphoma (relative risk, 2.7; 95% Cl, 1.0-7.6). 

A US-Canadian case-control study of acute myeloid leukaemia found no association 
between risk for acute myeloid leukaemia and maternal smoking before, during or after 
.psgnancy (Severson el al. 1993). No association was observed with smoking by the 
lather, but this was not quantified. [The Working Group noted the reasonably detailed 
exposure assessment, but although relative risks were adjusted for potential ennfounders, 
the factors were not named.] 

A small case-control study of leukaemia and non-Hodgkin lymphoma in the United 
Kingdom examined maternal smoking based on obstetric notes and by interview (Roman 
: al., 1993). Both relative risks were below unity. [The Working Group noted that very 
■idle information was provided, that no adjustment was made for confounders. and the 
nail size of the sample.] 

Shu et al. (1996) found that maternal smoking during pregnancy was negatively asso¬ 
ciated with risk for leukaemia (all leukaemias, acute lymphocytic leukaemia or acute 
myeloblastic leukaemia) in infants. Paternal smoking one month prior to pregnancy was 
.related to an elevated risk for acute lymphocytic leukaemia (relative risk, 1.6; 95% Cl. 
el-0-2.4), but not acute myeloblastic leukaemia and smoking by the father during 
pregnancy did not lead to a statistically significant increase in risk for any type of 
.leukaemia. [The Working Group noted that the strengths of this study included the rela- 
Kyely detailed exposure from mothers’ and fathers’ smoking, and the adjustment for some 
Potential confounders {sex, parental age, education and alcohol consumption by the 
pother during pregnancy).] 

f ■ The case-control study of paternal smoking and childhood cancer in China reported 
fby Ji et al. (1997) included 166 cases of acute leukaemia and 87 of lymphoma. No statis¬ 
tically significant association with paternal smoking was found for leukaemia, although a 
gborderiine positive trend was found for the father's number of pack-years of smoking 
Btaid, p - 0.06). The father's smoking was associated with a fourfold increase in risk for 
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lymphoma (relative risk, 4.0- ci t? n<\ a , .■ • „ 

Sorahan ?r al. ( 1997 a) ' smoKed Per day. 

Pilocytic leukaemia and maternal smoking (rclariv”" ZWtti ffT 
increased risk ,as found for myeloid, icvti o ^ ^ 

nsks »d with parental smokintt were found w [™ J * moa * 
time period. 1971-76, were exammed(Sorahan «„/. , 9 ^ *" 3 

leukaemifc^^Tltiledmformaf 4 ^ Parent2i dgaretIe Srn ° k ' ng and risk for ac ^ 
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- i» lymphocytic leukaemia (relative risk, 1.1; 95% Cl, 0.8-13) (Boffetta ef c,L 2000). 
Si »Sors found evidence of publication bias for the data available on lymphomas 
f* Jwt Published studies with a small number of cases reported positive association 
tin exposure to tobacco smoke and childhood leukaemia, whereas larger tudie 

donation This suggests that small studies that had found no association or 

*2, SS Z A .*—• Th. r. rr i 

Jkd». Miniolly significant«»»»»«,tltacnt. }ynq.l,ncyi,c 
Zm increase in nsk for non-Hodgkin lymphoma (relative risk. 2.1.9: /„ Cl. 1 .M.0). 

jj 4 Other childhood cancers 

T several other types of childhood cancer have been studied in relation to parental 

■tons between mother’s smoking during pregnancy and kidney ca c ^ (3 ” c { 
,,,, ivc ris k o 6- 95% Cl, 0.2-1.5), eye tumours (28 cases; relative risk, 1.4, 95, Cl. 

iiS, «,13 relative « 1.9;**tt*«J* — « f 

m connective tissue and muscle (15 cases; relative nsk, 1.2; 95 A Cl, 0.4-3 6). 

— \lagnani et al. (1989) conducted a hospital-based case-control study ot so - issue 
sarcomas in Italy during 1983 - 84 . The cases included 36 children with rtiabdomy-o- 
sarcoma and 16 cases of other soft-tissue sarcomas who were compared with j-6 urn r . 
from the same hospitals. No associations were found between soft-tissue sarcoma 
JLmyosarcoma and either mother's or father's smoking PJt esumae s of 
relative risks were below unity). Smoking during several time periods, before, dunn and 

. by the parents. [The Working Group noted that this was a small study, but that 
fmcKiirp included different time periods.] 

for Ev-. ing’s sarcoma. In their population-based study. Holly et al. 199.) looked 
cases and 193 controls selected by random digit dialling and matched to cases y s . 
,age. This tumour was not associated with smoking by the moitodurnig pregnane 
Native risk, 1.1; 95% Cl, 0 5-2.4) or by the father (relative nsk 0,9, A CL 0.4 ^ h 
^ S k estimates were adjusted for agricultural occupation of the Mter^ vmm n erdose 
|of medication, area of residence, year of child's b,nh and mcomc. [Ti e ^o.kmg Group 
%ed that this was a small study that had made a detailed assessment of many tac or 
kss for Darental smoking.1 Winn et al (1992) reported the findings of a larger 
^^se-control study that included 208 cases throughout the USA and two control groups 
fwith equal numbers of controls (sibling controls and regional controls). When cases 
impaled to regional controls, no significant nsk estimates were found fo shk 4m 
[either parent; however, parents were more likely to have smoked during pre t _ 

' the child with Ewing’s sarcoma than during the pregnancy with the unaffecte si mg. 
the mother smoked, the relative nsk was 1.5 (95% Cl. 03-9.0): ,f only the father 
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smoked, the relative risk was 3.1 (95% Cl, 0.7-14.0); if both parents smoked i| le re | a „ 

risk was 7.3 (95% Cl. 1.3-41.6). { 

Two case-control studies in the USA evaluated prenatal drug consumption bv rb. 
mother and risk for neuroblastoma (Kramer eial., 1987; Schwartzbaum, 1992), Then 
study was population-based and included 104 cases diagnosed from 1970 to 1979 a fi 18 
group of 104 controls matched on date ofbirth, race and the first five digits of case's teiT 
ohone number and a second group of controls comprising siblings of the index case \o 
significant increase in risk was associated with maternal smoking during preznancv when 
cases were compared to either control group. The second study compared lOl nelk 
aiagnosed cases of neuroblastoma and 690 controls diagnosed with other types of dr; • 
nood cancer at St Jude Children s Research Hospital. Cigarette smoking bv the mother 
during pregnancy w as found to increase the risk for neuroblastoma (relative risk, ] 9 
9j%CL 1.1-3.2). [The Working Group noted the questionable appropriateness of the 
-ontrol group in the study by Schwartzbaum and the limited exposure assessments in both 
studies.] 

Olshan ei al. 1.1993) reported findings from the National Wilms Tumour Study, s 
case-control study from a national collaborative clinical trial group in the USA. The study 
was conducted using interviews with 200 cases and 233 matched controls identified by 
random-digit dialling. No association was found for mother’s smoking during pregnancy 
and risk for Wilms tumour (relative risk for smoking ten or more cigarettes per dav A T 
95% Cl, 0.4-1.31. " 


2.4 Other cancers 

2.4.1 All cancer siles combined 

Hirayama (1984) reported a statistically significant association Ip for trend < 0.001 i 
between husband s smoking and cancer mortality' in wives for all sites combined in the 
Japanese cohort (relative risk for former smoker: 1-19 cigarettes per day. 1.1: 95% Cl. 
1.0-1.2, relative risk for >20 cigarettes per day, 1.2:95% Cl. 1.1-1.4), 

Sandler el al. (1985b), in their study previously described in detail (Section 2.2.2|. 
found an increased risk of all cancers combined among nonsmokers passively exposed to 
cigarette smoke in adulthood (relative risk, 2.1; 95% Cl, 1,4-3.0). Risk did not differ 
according to race (white or non-white), but was statistically significant only among 
women aged 30-49 years. 

Miller (1990) reported the findings from a case-control study in the USA of cmm* 
deaths among nonsmoking women in which next-of-kins were interviewed by telephone. 
Data on 906 nonsmoking wives were included in this report. The cases were women who 
had died of any type of cancer and the controls were nonsmoking wives who had died of 
cardiovascular, respiratory, kidney and other non-cancer diseases, excluding trauma. A 
nonsmoker was defined as a person w ho had smoked fewer than 20 packs of cigarettes 
during her lifetime. The percentage of deaths from cancer among non-exposed. non 
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.iployed wives was 2.2%; for exposed, non-employed wives, 18.9%, and for employed 
ives, 34.3% (/) < 0.001). [The Working Group noted that the study used a questionable 
ijparison group and a non-standard definition of a nonsmoker.] 

q,2 Cen’ical cancer 

Three Asian cohort studies described in Section 2.1 also reported on involuntary' 
■ stroking and risk for cancer of the cervix, Risk for cervical cancer associated with 
involuntary exposure to smoking in nonsmokers was examined in a Japanese cohort study 
that found no significant increase in risk associated with husbands’ smoking (Hirayama, 
. (984). A second cohort study also considered exposure to husbands' smoking and risk for 
i‘r$rvical cancer in nonsmoking Korean women (Jcc el al., 1999). The relative risk based 
i, 203 cases of cervical cancer in nonsmokers was 0.9 (95% Cl, 0.6—1.3) for women 
■arried to former and 0.9 (95% Cl, 0.6-1.2) for women married to current smokers when 
mpared with women married to norsmokers. The cohort study by Nishino el al. (2001) 
iuded 11 incident eases of cervical cancer. Again, no association with husband’s 
king status was observed (relative risk, 1,1; 95% Cl. 0.3—4.5). [The Working Group 
ted that these cohort studies consistently indicated no association between exposure to 
rondhand smoke and cervical cancer.] 

_ i The casc-control study from the USA reported by Sandler et al. (1985b; see Section 
22 .2) found an increased risk of cerv ical cancer associated with spousal smoking (rela¬ 
tive risk, 2.1; 95% Cl, 1.2-3.9). A second case-control study in the USA was conducted 
from 1984 In 1987 in Utah where a large percentage of the population are members of the 
Church of Jesus Christ of the Latter-day Saints which proscribes tobacco smoking 
•'attery ei al., 1989). The cases were population-based and controls were selected by 
...ridom-digit dialling and matched to cases on age and county of residence. The response 
for cases and controls were 66% and 76%, respectively. Nonsmokers involuntarily 
imposed for 3 hours or more, per day to secondhand smoke were found to have an 
• '•ir...eased risk for cervical cancer (relative risk, 3.4; 95% Cl, 1.2-9.5). Self-characterized 
5 exposure to ‘a lot’ of secondhand smoke was also associated with increased risk (io-homc 
^dative risk, 2.9; 95% Cl. 1.1-7.9, outside the home relative risk. 1.6:95% Cl, 11.6-4.5). 
iffhe Working Group noted that a statistically non-significani increase in-risk was also 
rved in active smokers exposed to smoking by others.] 

•• Coker el al. (1992) examined the risk of exposure to secondhand smoke in a case- 
t control study of cervical intraepithelial neoplasma (C1N) of grades 11 (n = 40) and 111 
u=63) in the USA. No statistically significant association was found between exposure 
secondhand smoke and CIN1I/1II in nonsmokers, after adjustment fur age. race, edu¬ 
ction, number of partners, contraceptive use, history of sexually transmitted disease and 
oty of Pap smear. .Another case-control study conducted in the USA compared 582 
pmen with abnormal Pap smears (class 2-4) with 1866 controls w ith normal cytology 
Scholes el al, 1999). Nonsmokers exposed to secondhand smoke from spouses, partners 
or other household members were found to have a borderline increase in risk for abnormal 
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cervical cyiulogy compared to nonsmokers who were not exposed to these sources of 
secondhand smoke (relative risk, 1.4; 95% Cl, 1.0-2.0). Risk estimates were adjusted for 
age, age at first sexual intercourse, and number of sexual partners during lifetime. 

2.4.3 Gastrointestinal cancers 

The incidence of colorectal cancer in relation to passive exposure to smoke, which 
was defined as having lived with a person who smoked, was examined in a 12-ycar pros¬ 
pective cohort study in Washington County. MD. USA (Sandler el at.. 1988). A staiis- 
ticaUy significant reduction in risk for colorectal cancer was observed for nonsmoking 
women who were involuntarily exposed to smoking (relative risk, 0.7; 95% Cl, fl.6-l.fl), 
but an increased risk for this cancer was found for nonsmoking men exposed to 
secondhand smoke in the household (relative risk, 3.0; 95% Cl, 1.8-5.0). 

In a Swedish population-based case-control study, Gerbardsson de Y'erdier et al. 
(1992) found an increased risk for colon cancer in women (relative risk, 1.8; 95% Cl. 

1.2-2.8) and rectal cancer in men (relative risk, 1,9; 95% Cl, 1.0-3.6} in association with 
passive smoking after adjustment for numerous potential confbunders. [The Workins 
Group noted that it is unclear whether the analysis was restricted to never-smokers.] 

A large Canadian case-control study of 1171 patients newly diagnosed with histo¬ 
logically confirmed stomach cancer ami 2207 population controls evaluated the risk 
associated with active and passive smoking (Mao et al. 2002). Response rate; of 
approximately 65% were obtained for both cases and controls. The anahsi; of passive 
smoking was conducted in male never-smokers (132 cases, 343 controls) Questionnaire; 
were mailed to respondents and provided information on lifetime exposure to secondhand 
smoke through residential and occupational histories and also looked at source, intensity, 
and duration of exposure, Risk estimates for passive smoking were adjusted for 10-year 
age group, province of residence, education, social class, total consumption of meat and 
total consumption of vegetables, fruits and juices. A positive trend (p = 0.03) in risk for 
cancer of the gastric cardia was associated with lifetime exposure to secondhand smoke 
(sum of years of residential plus occupational exposure) in male never-smokers. At the 
highest level of exposure (> 43 years), the relative risk was 5.8 (95% CL 1.2-27.5). No 
increased risks or trend s were associated with risk fordistal gastric cancer. Risks assessed 
by subsitc (cardia and distal), vvere similar for active and passive smoking. 

2.4.4 hasophan'rtgeal and nasal sinus cavih’ cancer 

The relationship between involuntary exposure of nonsmokers to secondhand smoke 
and risk for these rare cancers of the upper respiratory tract has been examined in one 
cohort study (Hirayama, 1984) and four ease-controls studies (Fukuda & btunau. i 
Zheng et al., 1993; Cheng el al. 1999; Yuan el al. 2000). A positive association 
found in most of these studies. 


Hiravama (1984) found an increased risk of nasal sinus cancer in women (histology 
. jot noted) associated with increasing numbers of cigarettes smoked by husbands of non¬ 
smoking women. When compared with nonsmoking women married to nonsmokers, 

' .wives whose husbands smoked had a relative risk of 1.7 (95% Ci, 0.7—4.2) for 1-14 
cigarettes per day, 2.0 (95% CL 0.6—6.33) for 15-19 cigarettes per day and 2.55 (95% CL 
1.0-6.3) for > 20 cigarettes per day [p for trend = 0.03). 

fukuda and Shibata (1990) reported the results of the first Japanese case-control 
study based on 169 cases of $quamnus-cell carcinoma of the maxillary' sinus and 338 
controls matched on sex, age and residence in Hokkaido, Japan. Among nonsmoking 
women, a relative risk of 5.4 {p < 0.05) w'as associated with exposure in the household to 
* scondhand smoke from one or more smokers. Active smoking was associated with an 
increased risk for squamous-cell carcinoma in men in the same study. 

Zheng et al. (1993) used data from the 19S6 US National Mortality Followback 
Survey to assess risk for cancer of the nasal cavity' and sinuses in relation to exposure to 
- secondhand smoke in white men. A total of 147 deaths from cancer of the nasal cavity and 
2 sinuses were compared to 449 controls who had died from one of a variety of causes 
7 (excluding any causes strongly linked to alcohol andfor tobacco use). Data were obtained 
x from postal questionnaires completed by next-of-kins, Among nonsmokers, patients with 
nasal cancer were more likely to have a spouse who smoked cigarettes (relative risk. 3,0; 
95% Cl, 1.0-8.9) after adjustment forage and alcohol use. When the analysis of cases was 
restricted to those with cancer of the maxillary sinus, the risk was somewhat higher 
(relative risk. 4.8; 95% CL 0.9-24.7). The risks reported for active and for involuntary 
7 smoking were of similar magnitude in this study. 

Neither involuntary exposure to tobacco smoke during childhood nor exposure during 
. adult life were positively associated with an increased risk for nasopharyngeal cancer in 
! 2 a study in China (Province of Taiwan) (Cheng cl al., 1999). Although histological type 
l was not specified, all cases were histologically confirmed. Among never-smokers, the risk 
;.■ estimates for cumulative exposure to passive smoking (pack-person-years) in childhood 
i declined as exposure increased (/> for trend = 0.05); a similar but non-significant inverse 
> relationship was found for exposure during adulthood. Significant elevations in risk of 

I nasophaiyngeal cancer were observed for active smokers in this study. [The Working 
Group noted that the exposure assessment was relatively detailed and that the estimates 
of relative risk were adjusted for age, sex, education and family history of nasopharyngeal 

A large population-based case-control study conducted in Shanghai, China, included 
935 cases of nasopharyngeal carcinoma and 1032 population controls randomly selected 
from a population-registry and frequency-matched by sex and 5-year age group (Yuan 
Hal., 2000). All eases were histologically confirmed, but the cell type was not specified. 
The study subjects were interviewed face to face, and the response rates were 84% for 
cases and 99% for controls, in female never-smokers, a consistent increase in risk related 
to exposure to secondhand smoke during childhood was noted If the mother smoked, the 
relative risk w as 3.4 (95% CL 1.4 8.1). if the father smoked, the relative risk was 3.11 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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(95% Cl, 1.4-6.2); if another household member smoked, the relative risk was 
(95% Cl, 1. 1-6.9), and if any household member smoked, the relative risk was 3o 
(95% Cl, I -4—6.2). Risks associated with exposure to secondhand smoke during adult, 
hood in women were also statistically significantly increased. For male never-smokets 
the associations were weaker and were not statistically significant for exposure durine 
childhood and adulthood. Gender-specific risk estimates were adjusted for age. level of 
education, consumption of preserved foods, oranges and tangerines, exposure to rapeseee 
oil, exposure to burning coal during cooking, occupational exposure to chemical fumes 
history of chronic ear and nose conditions and family history' of nasopharyngeal cauc? 
|The Working Group noted that this was a large, well-conducted study that included i 
detailed exposure assessment and adjustment for numerous potential confounders.J 

2.4.5 Tumours of the brain and central nervous system 

A population-based case-control study of patients with incident primary brain 
tumours diagnosed from 1987 through 1990 in Adelaide, Australia, was reported by Ryan 
et al (1992). Controls were selected from the Australian electoral rolls which cover 95% 
of the population. Response rates of 90% and 63% were obtained for cases and controls, 
respectively. The study included 110 histologically confirmed cases of glioma, 60 menin¬ 
gioma cases and 417 controls. An increased risk of meningioma was associated with inv o¬ 
luntary exposure to tobacco from the spnuse, particularly among women (relative nsk. 
2,1: 95% CL 1.2-6.! ). No statistically significant association was found between acute 
smoking and either glioma or meningioma in this Study. 
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3, Studies of Cancer in Experimental Animals 


! "3.1 Inhalation exposure: simulated environmental tobacco smoke 

Since the previous 1ARC Monograph on tobacco smoking (IARC, 1986), studies that 
iindude exposure to sidestream cigarette smoke or to simulated environmental tobacco 
gkioke from cigarettes have been conducted. For experimental purposes, many of the 
fctudies employed a mixture of 89% sidestream and 11% mainstream tobacco smoke 
prepared by smoking machines from standard reference cigarettes, referred to in the 
published literature and in this section as simulated environmental tobacco smoke (Teague 
mlal., 1994}. Although this experimental exposure system was designed to mimic human 
■Exposure, it provides an exposure pattern that differs from that encountered by humans 
Kxposed to secondhand smoke. No studies were available on sidestream smoke or simu- 
Piated environmental smoke from other tobacco products. 

I The mice used in the studies described below were of the specially inbred strain A/J 
and outbred strain Swiss, both of which arc highly susceptible to lung tumour deve¬ 
lopment (Shimkin & Stoner, 1975). Both strains carry the pulmonary adenoma suscepti¬ 
bility-1 genetic locus {Paul), a locus affecting genetic predisposition to lung tumours in 
|mtce (Manenti et a!., 1997). Strain A/J mice carry' the feoRI-gencrated 0.55 Kb DNA 
u fragment of the K-ras oncogene which is associated with high susceptibility to lung 
|tiirnour development (Malkinson, 1992). Both strains are highly susceptible to chemical 
F induction of peripheral lung tumours that originate primarily from type 11 pneumocytes. 
? 11should be noted that type II pneumocytes are precursors for a relatively small fraction 
■■ 1 -5-10%) of human adenocarcinomas (i .e. bronchiolo-alveolar carcinomas). Most adeno- 
. arcinoma cells are derived from bronchiolar cells and not from type II pneumocytes. 


g Male strain A/J mice (6-8 weeks old) w ere exposed in chambers to sidestream smoke 
Renerated from Kentucky 1R4F reference cigarettes. Mice were exposed for 6h/day. 
K days/wcck at chamber concentrations of 4 mg/m 5 total suspended respirable particulate 
patter. The experiment was terminated after 6 months. The fraction of animals bearing 
|lung tumours was the same in those exposed to smoke (33%; 12/36) as in those exposed 
p filtered air (33%; 12/36). The average number of lumours per lung (0.42 tumours/ 
ptnoke-exposed mouse; 0.39 tumours/control mouse) was also similar (Witschi et a!.. 
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1995). [The Working Group noted the low concentration of tobacco smoke used and l, 
short duration of the study.] ' ^ 

Male strain A/J mice (6-8 weeks old) were exposed to simulated environmental tohaem 
smoke that consisted of a mixture of 89% sidestream and 11% mainstream smoke 
Kentucky 1R4F reference cigarettes, at a chamber concentration of 87 ma m- 5 total s 
pended particulate matter. Mice were exposed in 0.44 m 3 stainless steel inhalation chamU 
for 6 h/day, 5 days/week for 5 months and then killed for assessment of lung tumour ina 
dence and multiplicity (see Table 3.1). The incidence of lung tumours in mice exposed ■ 
simulated environmental tobacco smoke (25%; 6/24) was not significantly different fJ 
that 111 controls (8.3%: 2/24). There was no significant difference between lung tl]nK ^ 
multiplicities (total number of lung tumours per total number of animals) in exposed 
control animals (0.3 ± 0.1 and 0.1 ±0.1 tumour/mouse, respectively [mean i SE]). A se&« 
group of mice exposed for 5 months to simulated environmental tobacco smoke was 
allowed to recover for a further 4 months in filtered air before being killed for analysis of 
lung tumour incidence and multiplicity. Tumour incidence was significantly greater in mice 
exposed to smoke (83.3%; 20/24) than in controls kept in air (37.5%: 9/24; p < 0.05, Fisher's 

Table 3.1. Lung tumours in strain A/J mice exposed to filtered and unfilled 
simulated environmental tobacco smoke 


Exposure conditions 

Parameter 

Filtered air 
controls 

Animals 
exposed to H' 

5 months in simulated ETS (87 mg 

ISP m ). 6 Ivday. 5 days week 

Tumour incidence 3 
Tumour multipliciiy*’ 

8.3% 0:24) 

0.1 ± 0.1 

25.0", (6N 

0.3 -11. i 

5 months in simulated ETS (87 mg 
TSP/nr). 6 h/day, 5 days/week, then 

4 months recovery in air 

Tumour incidence 
Tumour multiplicity 

37.5% (924) 

0.5 ±0.2 

83.5% (20 24 1 

1.4 ±0.2' 

5 months in untiltcred siinulaied ETS 
(78.5 mg TSP/nr) and 4 months 
recovery in air 

Tumour incidence 
Tumour multiplicity 

41.6% (10/24) 
0.5 ±0.1 

57.7% (15261 
1.5:0.3 d 

5 months in filtered simulated ETS 
(0.1 mg TSP/nr’) and 4 months 
recovery in air 

Tumour incidence 
Tumour multiplicity 

37.5% (9/24) 

0.5 ±0.1 

66.7% (10 
12:11.3' 

5 months in filtered simulated ETS 
<0.1 mg TSP/nf) 

Tumour incidence 
Tumour multiplicity 

20% (4/20) 

0.3 ±0.1 

50°i(13 -4i 
02 : 0.2 


Modified from Witschi el a !.( 1997a,b) 

ETS. simulated environmental tobacco smoke: TSP, total suspended paniculate mailer 
= Percentage of animals with lung tumours (incidence) 

* Total number of lung lumours/total number of mice in the group (mean ± SE) 

'/> <0.05. Fisher's exact lest 
; p < 0.05. Welch's alternate West 



H test) and turnout multiplicities were significantly higher in the group exposed to 
, 1^(14 + 02 versus 0.5 + 0.2. p < 0.05, Welch’s alternate /-test). More than 80% of all 
" wcre adenomas and the remainder were adenocarcinomas (Witschi etal, 1997a) . 
Female strain A/.1 mice (10 weeks old) were exposed to unf.ltered (one group of 26 
tals) or hich efficiency particulate air (HEPA)-fdtered simulated environmental 
Jsmoke'(two groups of 24 animals) which consisted of a mixture of 89 A side- 
-*1 and 11% mainstream smoke from Kentucky 1R4F reference cigarettes. The con- 
Son of total suspended paniculate, was 78.5 mg/nV in the unfilteresmokeexpo- 
C chamber and 0.1 mg/m 5 in the filtered smoke chamber (see Table 3.1). In addition, 
lire groups of 24 control animals were exposed to filtered air. Lung tumour incidence 
sd multiplicity in animals exposed to filtered smoke for 6 h/day. 3 days/week, and killed 
- rdH 5 months were not significantly greater than those in controls kept in filtered air. 
*..« expose d as above to filtered tobacco smoke and then allowed to recover in air for 
Lhs had a lung tumour incidence of 16/24 (67%) and an average lung tumour mu tl- 
Ttv of S 2 + 0 3 compared with an incidence of 9/24 (37.5%) and a lung tumour multi- 
2 of o 5 + 01 in control mice breathing filtered air. Lung tumour multiplicity was 
"lifrcantlv higher in mice exposed to filtered smoke than in controls (p < 0.0s). Mice 
ised to unfiltered smoke had a lung tumour incidence of 15/26 (57.3%) and a lung 
iur multiplicity of 1,3 ± 0.3, whereas controls kept in filtered air had a tumour inci- 
ice of 10/24 (41.6%) and a lung tumour multiplicity of 0.5 ± 0.1 (multiplicity greater 
Bfieated mice./t < 0.05 than in controls kept in filtered air, Welch's alternate /-test), le 
authors concluded that the gas phase of simulated environmental tobacco> smoke is as 
^Carcinogenic as unfiltered environmental tobacco smoke (W itschi a aL 1997b). 

In a study of the effects of the experimental cheinopreventive agents, pheneth) 1 iso- 
tbiocyanate and JV-acetvkysteine. on the occurrence of lung tumours, male and female 
ain A/J mice (6-8 weeks old) were exposed to simulated environmental tobacco smoke 
oat consisted of a mixture of 89% sidestream and 11% mainstream smoke from Kentucky 
iR4F reference cigarettes. Mice were exposed for 6 h/day. 3 days/week for 5 months in 
i4 m 3 stainless steel inhalation chambers in which the concentration of total airborne sus- 
■pended particulates was 82.5 mg/p) 3 . Controls were placed, within then cages, into 
chambers of the same size as the inhalation chambers. At the conclusion of the exposure 
H period, the mice were transferred to a conventional animal holding facility. Nine months 
Liter the beginning of the experiment, the animals were killed and the lungs prepared for 
^unour analysis and histopathological examination. Lung tumour multiplicity bu m 
incidence, was increased In mice exposed to simulated environmental tobacco smoke. Lung 
limours occurred in 20/29 (69%) of the controls with a multiplicity o 0.9,0. and m 
1/33 (73%) of the mice exposed to smoke with a multiplicity oil .3 _ 0- (mean _ 

0.05 by two-way ANOVA) (Witschi et aL, 1998). 

As part of a study on chcmopitvention of tobacco smoke-induced lung tumours by 
ietary supplements of myo-inositol/dexametbasone, male strain A/J mice (8-10 weeks 
old) were exposed for 5 months to a mixture of 89% sidestream and 11 n mams ream 
■tigarette smoke. The animals were placed, within their cages, m stainless steel inhalation 
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chambers ventilated with tobacco smoke or filtered air (controls). Exposure to sintul,, 
environmental tobacco smoke took place for 6 May, 5 days/week. Exposure during 
irsl a iveeks was to an average of 7] mg total suspended particles/m 3 - this was fo'lou ■ 
bv exposure for 3 weeks to 86 mg/m 3 and finally to an average of 132 mg/ m 3 f or * 
remainder of the exposure period. After 5 months, all mice were removed from the ini' 
lanoit chambers and transferred to a conventional animal holding facility: with control!* 
temperature and humidity. Mice were killed 9 months after the beginnina of the exo- 
mem The incidence of lung tumours in control mice was 15/30 (50%/ and the u" 
tumour multiplicity was 0.6 ±0.1: the incidence of tumours in mice exposed to simm-. t - 
environmental tobacco smoke was 30/35 (86%) and the muitiplinty was 2.1 ft n j’ V" 

k: " e,e,1i ‘ e iri * un * Ium0ilr multiplicity between exposed and control mice was slaiisii-as 
significant (p < 0.051 (Witschi el ai. 1 999). 

As pan Ofa study un chemoprevention of lung tumours induced by exposure to tobacco 
smoke, male strain A/J mice (10 weeks old) were exposed in stainless steel inhalation 
chambers for 6 May, 5 days/week to a mixture of 89% sidestream cigarette smoke art 
11% mainstream smoke prepared from Kentucky IR4F reference cigarettes The total 
suspended paniculate concentration was 137 mg/m 3 . Inhalation exposure took place for 
5 months and was followed by a recovery' period of 4 months in filtered air in a conven¬ 
tional animal facility'. Control mice were kept in chambers of the same size as the inhalation 
chambers, but ventilated w ith filtered air, for the first 5 months of the study. Mice were 
killed 9 months after the beginning of exposure. In the first of two studies, the lung tunt.w 
tncidence in control mice was 35/54 (65%) and lung tumour multiplicity was 1.0: fi.! Ir 
mice exposed to smoke, the tumour incidence was 25/28 (89%: i.e. significantly dtfithr 
irom controls, p < 0.05. Fisher's exact test) and tumour multiplicity was 2.4ft'' 1 .; 
significantly different from controls, p < 0.01 by parametric or non-parametric anOVAi 
I n the second experiment, conducted under the same conditions of exposure, luiis, turnout 
incidence in control mice was 18/30 mice and the incidence in mice exposed to smoke was 
;S;38 (p < 0.01, Fisher’s exact test). Lung tumour multiplicity was 0.9±0.2 in control 
mice and 2.8 ft 0.2 in animals exposed to smoke (p < 0.01. ANOVA) (Witschi elal.. 3000; 

In a third study conducted using the same experimental design, strain A'J mice jsex 
uni specified] were exposed continuously to simulated environmental tobacco smoke to: 
^months. There was no statistically significant increase in lung tumour incidence oft t 
[-.v27] tersus 63% [53/84]) or lung tumour multiplicity (1.5 + 0 .1 versus l.ftiO.ii 
(Witschi. 2000), 

Feitxale strain A/J mice (4 weeks of age) were exposed to simulated environmental 
tobacco smoke (89% sidestream and 11% mainstream smoke) from Kentucky 2R1 refe¬ 
rence cigarettes. Exposure continued for 5 months for 6 May, 5 days/week. The concen¬ 
tration of total suspended particulates was 120 mg/m- ! air. Control mice were kept in 
chambers ventilated with filtered air. Mice were then kept for a 4-month recovery period 
in filtered air. after which they were killed and lungs rumours were counted. The iuac 
tumour incidence in mice exposed to smoke was 15/20 (75%): the incidence in sham- 
exposed controls was 5-'20 (25%: p < 0.01). Lung tumour multiplicity in mice expose-: to 
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^ke was 1.05 + 0.17 and that in control mice was 0.25 i 0.10 (p < 0.01). In a third 
aoup of mice exposed to simulated environmental tobacco smoke under the same condi- 
mos for 9 months and killed immediately at the end of the exposure period, the lung 
oimour incidence (6/20; 30%) and multiplicity' (0.4 ft 0.15) were no! significantly diffe- 
palfrom the tumour incidence and multiplicity in control mice, In a fourth group of mice 
gtposed to simulated tobacco smoke under the same conditions for 2 months, followed 
'ly, recovery period of 7 months, lung tumour incidence (8/20; 40%) and multiplicity' 
[050 ±0.15) were also not significantly greater than in control mice. These data are in 
agreement with the results of Witschi e> al. (1997a,b, 1998 and 1999) which indicate that 
5 tnin A/J mice require a 4-month recovery period following a smoke exposure for 
j months to demonstrate a positive carcinogenic effect ol environmental tobacco smoke 
(D’Agostini ei al., 2001). 

-A. yvitschi el al. (2002) exposed male Swiss albino mice to simulated environmental 
tobacco smoke for 5 months, followed by 4 months of recovery' in air. The lung tumour 
) cidence was 1/26 (4%) in sham-exposed mice and 6/31 (20%) in mice exposed to simu- 
Ajj: ;d environmental tobacco smoke, with a fivefold increase (p = 0.075). Lung tumour 
Vultiplicity was 0.04 + 0.04 in sham-exposed mice and 0.35 + 0.14 in mice exposed to 
nvironmental tobacco smoke (/) < 0.05). When BALB/c mice were exposed to simulated 
jMronmental tobacco smoke under identical conditions, the incidence of lung tumours 
Laj increased (33%. 9/27 versus 20%, 6/30), but the multiplicity was not (0,1 versus 0.2). 

As pan of a series of pilot experiments on chemoprevention of cancer induced by 
environmental tobacco smoke. De Flora el al. (2003 ) reported studies oi the effects of 
environmental tobacco smoke in Swiss albino mice. However, these studies were 
published in a review, and the reporting ol study details was incomplete. 

Groups of gestaiing female Swiss albino mice were exposed for 20 days to simulated 
fenvironmental tobacco smoke. The exposure conditions were similar to those described 
by D’Agostini ei al. (2001). The exposure of gestating mice to environmental tobacco 
ftsmoke decreased the body weights of dams during the 3 months following delivery 
[details not given). Similarly, in the female progeny of dams exposed to smoke, the body 
weight 10 days after birth was slightly, but significantly lower titan that of female progeny 
from sham-exposed dams [details not given]. Dams exposed to tobacco smoke during 
gestation had significantly higher yields-oLlung tumours than sham-exposed dams. The 

» fung tumour incidence at 8.5 months of age was increased from 1/22 (4.5%) in sham- 
exposed dams to 4/14 (28.6%) in dams exposed to tobacco smoke, The lung tumour 
: multiplicity at 8.5 months of age was increased from 0.05 + 0.5 in sham-exposed dams to 

1 0,36 + 0.17 (mean + SE; p < 0.05) in dams exposed to tobacco smoke. The progeny of 
sham-exposed dams and dams exposed to environmental tobacco smoke, kept either 8.5 
or 15 months after birth in filtered air, had identical yields of lung lumours. The incidence 
| of lung tumours in the progeny at 8.5 months was 10% (1/10) and the lung tumour rotilti- 
f plicity was 0.1 ft 0.1. At 15 months, the lung tumour incidence in the progeny was 20% 
if (2/10) and the lung tumour multiplicity was 0.3 ft (1.21 (De Flora el al., 2003). 
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]n a second experiment (see Table 3.2), De Flora el al. (2003) investigated the effects 
of gestation and length of the exposure period on lung tumours induced by environmental 
tobacco smoke in Swiss mice. The exposure to environmental tobacco smoke during 
gestation (for 20 days) increased the tumour incidence from 4.4% (] /23) in sham-exposed 
dams to 218% (10/42: p < 0.05) in dams exposed to smoke. The lung tumour multiplicity 
in sham-exposed dams (0.09 i 0.09) was significantly lower than that in the mice exposed 
to smoke (0.38 ± 0.13: p < 0.05). A similar trend was seen in non-gestating Swiss albino 
mice exposed for an equivalent period (20 days), but the increases in rumour incident 
and lung tumour multiplicity were not significant. When non-gestating mice 
exposed to environmental tobacco smoke for 5 months, followed by 4 months of rccox c: 
in filtered air. there was an increase in lung rumour incidence from 9.1% (2'22i in stir 1 
exposed mice to 42,9% |9 21: p < 0.01) in mice exposed to tobacco smoke and in lung 
tumour multiplicity from 0.14 to 0.57 (p < 0.01) in sham-exposed compared to smoke 
exposed mice. The increases were more pronounced if the animals w ere exposed ic envi¬ 
ronmental tobacco smoke for 9 consecutive months. 

In summary, when strain A/J mice of either sex are exposed to sufficiently high con¬ 
centrations of simulated environmental tobacco smoke for a period of 5 months and are 
then kept in filtered air for a further 4 months, lung tumour multiplicities are consistently 
and significantly higher in mice exposed to tobacco smoke than in concomitant controls. 

Table 3.2. Lung tumour yield in female Swiss albino mice, either 
gesturing or non-gestating, exposed to simulated environmental 
tobacco smoke for varying time periods 


Exposure to 
simula;ed E l'S 
(time) 

Gesiatirig 

Percentage of aiimals 
with lung tumour 
(incidence) 

Lulls tumour 
muliiplicny 

Cf 


A! -2.22) 

0.14 ± 0. iO 

0’ 

- 

.: ■:./ 1 

O.09 + OO9 

20 dsv: : 

- 

21" ■ a:. 

0.2ft ±0.09 

20 days'' 

- 

11 • O 

0jJ±(M3‘ 

S months 1 ^ 

- 

■ "2i r 

0.57 ± 0. j 6* 

9 months 

- 

y t n. 22 ) : 

~4*8±0.]7 ! 


From De Flora cm!. (2003) 

ETS. environmental tobacco smoke 

'Tutai number of lung tumours total number of mice in the group (meant 5Ei 
Sham-exposed mice kept in filtered air for 9 months 

r Exposed to ETS throughout gestation, or for an equivalent period in non-sestaiing 
mice, followed by 8 months and 10 days of recovery in filtered air 
‘ Followed by t months of recovery in filtered air 
',-<0.05 

1 /i < 0.01. compared with the corresponding sham-exposed mice, assessed b> l 
anaivsis (incidence data) or Student's! test fin unpaired data (multiplicity oats I 
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] 0 one experiment, filtered simulated environmental tobacco smoke induced lung tumours 
as effectively as whole simulated environmental tobacco smoke. At the higher levels of 
exposure, the incidences of lung tumour were also significantly higher in mice exposed 
to simulated environmental tobacco smoke than in controls. Similarly, the exposure of 
Swiss mice to environmental tobacco smoke for 5 months followed by a 4-month reco¬ 
very period resulted in a significant increase in lung tumour response. In contrast to the 
T findings in A/J mice, however, treatment of Swiss mice with environmental tobacco 
smoke for 9 consecutive months also resulted in a significant increase in the lung tumour 
' response. Moreover, the short-term exposure of Swiss mice to environmental tobacco 
smoke led to an increased occurrence of lung tumours after 9 months. 

3.2 Administration of condensates of sidestream smoke 

A 

■: 3 . 2.1 Mouse 

|, , Tire comparative carcinogenicity 7 of cigarette sidestream and mainstream smoke 
condensates was tested on the skin of female NMRI mice. Commercial brand German 
p blond tobacco cigarettes were smoked to a defined butt length on a smoking machine 
} using a puff duration of 2 s/min. Sidestream and mainstream smoke condensates were 
.4 collected separately, dissolved in acetone, and administered on the shaved skin of the 
•ff animal’s lower back. Mice received half a dose twice a week for 3 months to give total 
weekly doses of 5.10 and 15 mg. The animals were kept until natural death. No cutaneous 
or subcutaneous tumours developed in any of three control groups (42.44 and 43 mice). 
In animais given mainstream smoke condensate, there were four malignant and three 
benign tumours in seven of 177 treated mice: two mammary adenocarcinomas, one 
baemangiosarcoma and one schwannoma in 58 mice that received the 5-mg dose: no 
tumours in any of the 61 mice that received the 10-mg dose, and three squamous-cell 
papillomas of the skin in 58 mice that received the i 5-mg weekly dose. In the mice given 
sidestream smoke condensate, there were 16 malignant and 14 benign tumours in 30 of 
182 treated mice: one mammary adenocarcinoma, three squamous-cell carcinomas and 
one squamous-cell papilloma of the skin in 60 mice that received the 5-mg dose: two 
mammary adenocarcinomas, one squamous-cell carcinoma and two squamous-cell 
papilloma? of the skin in 61 mice that received the 10-mg dose: and two mammary adeno¬ 
carcinomas, one mixed mammary tumour, six squamous-cel! carcinomas and 11 
l squamous-cell papillomas in 61 mice that received the 15-mg dose. The overall carcino¬ 
genic effect of sidestream smoke condensate was significantly higher than that of main¬ 
stream smoke condensate (p < 0.001) (Mohtashamipur ei al., 1990). 

3.2.2 Rai 

The carcinogenicity of sidestream cigarette smnke condensate was sludied by collec¬ 
ting particles and scmivolatilcs from commercial German cigarettes smoked on a 
smoking machine and implanting the condensed material in a mixture of trioctanoin and 
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beeswax into the lungs of female Osbome-Mendel rats at a dose corresponding to die 
products of a single cigarette. The fraction containing PAHs with four and more rings 
(dose. 1.06 mg'rat) induced five lung carcinomas in 35 treated rats. A sixfold higher dose 
(6.4 mg/rat) induced Uvo lung carcinomas in five treated rats. The combined fractions 
containing no PAHs and PAHs of two and three rings (16 mgi'rat) caused one lung carci¬ 
noma in 35 treated rats, and the semivolatiles (11.8 mg/rat) gave rise to no carcinoma in 
35 treated rats (Grimmer ct ai. 1988). 


3.3 Observational studies of cancer in companion animals 

Many species of animals are kept as pets, or companion animals, and these animals 
commonly share the environments of their owners. In consequence they are also exposed 
to toxic agents that may be present in the shared environment. The use of epidemiological 
methods In investigate environmental carcinogens through analysis of the occurrence of 
tumours in companion animals has been reviewed by Bukowski and Wartenberg (1997). 
Such data have been used in previous 1 ARC Monograph, notably in the evaluation of 
carcinogenic risks associated with surgical implants and other foreign bodies (IARC, 
1999), ” 

3.3.1 Case reports 

Case reports of lung cancer in the household pets of smokers are useful for generating 
hypotheses, but usually contain insufficient details to allow useful analysis (Cummins 
1994). 

3.3.2 Case-control studies 
(a) Dog 

Lung: A case-control study was conducted using 51 pet dogs with confirmed primary 
lung cancer front two veterinary teaching hospitals in the USA during 1985-87. Does 
with cancers at sites other than the lung (i.e. breast, soft connective tissues, skin, gastro¬ 
intestinal tract. thyroian>one, lymphoid and others) and not suspected of being related 10 
cigarette smoking were chosen as controls (n - 83). Types of exposure to secondhand 
smoke thai w ere assessed for both case and control dogs included the number of smokers 
who resided in the household, the number of packs of cigarettes smoked per day by the 
heaviest smoker and the time per day spent by the dog inside the home. Age. sex. body 
size and skull shape were included in a stratified analysis. A weak, statistically non¬ 
significant association was found between exposure to secondhand tobacco smoke and the 
risk of canine lung cancer. The crude odds ratio for exposure to environmental tobacco 
smoke was 1,5 (95% Cl, 0.7—3.0). After adjustment for age, sex. skull shape, time spent 
indoors, and hospital of origin, the odds ratio rose slightly to 1.6 (95% Cl. 0.7-3. )■ The 
risk estimate for dogs aged It) years or less was 2.7 (95% Cl, 1.0-7.2); that for older dog* 


was (1.8 (95% Cl, 0.3-2.2). A suggestion that skull shape exerted a modifying effect on 
isk for lung cancer was noted: the odds ratio was non-significantly increased in dogs of 
.’ y eds ! short (bracbycephaiic) and medium length (mesocephalic) noses (odds ratio, 
f ;,4; 95% Cl, 0.7-7.8), but not in dogs with long noses. It was noted that primary canine 
£,ung cancer is rare (approximately 4 cases per 100 000 hospitalizations) (Reif et a!., 
1*1992). 

7 Nasal cavity and paranasal sinuses: Sinonasal cancer is estimated to be tenfold more 

prevalent in dogs than lung cancer (Bukowski et a!., 1998). 

A case-control study of nasal cancer in pet dogs treated at the veterinary teaching 
hospital at Colorado State University', USA, included 103 dogs with cancer of the nasal 
cavity and paranasal sinuses. Dogs with cancers at other sites (chiefly lymphoma, mela¬ 
noma, haemangiosarcoma, and breast, bone and oral cavity) served as controls. The 
controls were similar to cases with respect to age, sex, breed and time spent outdoors, 
telephone interviews were conducted with the owners of the pets to obtain data on expo- 
iure to environmental tobacco smoke. These data included the number of smokers in the 
.iisdmld, the number of packs of cigarettes smoked per day at home by each smoker, 
the number of years that each person had smoked during the dog’s lifetime and the time 
|pent by the dog inside the home. The crude odds ratio for the presence of a smoker in the 
me and risk of nasal cancer was 1.1 (95% Cl, 0.7-1.8). After stratification by 
anatomical features, the risk appeared to be restricted to long-nosed (dolichocephalic) 
dogs (odds ratio, 2.0; 95% Cl. 1.0-4.1) (Reif et ai. 1998). 

A case-control study was conducted to investigate the environmental causes of sino- 
nasal cancers among pet docs, Data on indoor environmental exposure including the 
.. presence of smokers in the household were collected for 129 dogs with histologically 
Confirmed sinonasal cancer diagnosed during 1989-93 at the University of Pennsylvania 
f* School of Veterinary Medicine, USA. These were compared with 176 control dogs dia- 
gnosed with primary stomach, bowel, omental or liver cancers during the same period. 
7 Long-nosed dogs were significantly more likely to present with sinonasal cancer than 
| dugs with short or medium-length noses (odds ratio, 3.2; 95% Cl. 1.1-10). Elev ated odds 
- ratios were reported for dogs living in households that used coal fires or kerosene heaters 
, tor indoor heating (2.7:95% Cl, 1.4-5.4) and in which household chemicals w ere stored 
in the living area (5-5; 95% Cl, 1.2-29). There was no excess risk associated with smokers 
lg in the home (odds ratio, 0.70,95% Cl, 0.41-1.2) (Bukowski el et/., 1998). 

Urinary bladder. A case-control study of household dogs was conducted to determine 
ether exposure to sidestream cigarette smoke, chemicals in the home, use of topical 
ticides or obesity arc associated with the occurrence of bladder cancer in canines, 
umation was obtained by interviewing the owners of 59 dogs with transitional ceil carci¬ 
noma of the urinary bladder, diagnosed histologically at the University of Pennsylvania 
School of Veterinary'Medicine. USA, between January 1982 and June 1985. Dogs matched 
fn age and size of breed (n - 71) with other chronic diseases or neoplasms, excluding 
diseases of the urinary' tract, served as controls. The risk of bladder cancer w as correlated 
with use of topical insecticide and was enhanced in overweight dogs. The risk of bladder 
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cancer was not found to be related to exposure to household chemicals or to sidestream 
cigarette smoke at the levels of 1-3000 lifetime pack-years (odds ratio, 1.3; 95% q 
0.5-3.1) or > 3000 lifetime pack-years (odds ratio, O.S; 95% Cl. 0.3-2.0) (Glickman et al 
1939). [The Working Group noted that the exposure is most likely expressed as lifetime 
number of packs.] 

( b ) Cat 

Malignant lymphoma 

A case-control study of domestic cats was conducted to determine whether exposure 
to household environmental tobacco smoke is associated with the occurrence of feline 
malignant lymphoma, information on the level of smoking in the household two years 
prior to diagnosis was obtained from questionnaires sent to the owners of SO cats with 
malignant lymphoma diagnosed during 1993-2000 at the Foster Small Animal Hospital. 
MA, USA. These cases were compared with 114 control cats diagnosed with renal disease 
during the same period. The relative risk of malignant lymphoma for cats exposed to anv 
household tobacco smoke was 2.4 (95% Cl, 1.2-4.5). The risk increased with both 
duration and level of exposure, with evidence of a linear trend. Cats exposed to tobacco 
smoke for five or more years had a relative risk of 3.2 (95% Cl, 1.5-6.9; p for trend 
= 0.003) when compared with cats in nonsmoking households (Bertone a al. 2002). 
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4. Other Data Relevant to an Evaluation of Carcinogenicity 
and its Mechanisms 


jjjr,,. The Working Group attempted to provide comprehensive coverage of the published 
^literature on other data relevant to the evaluation of the carcinogenic hazards of second- 
| hand smoke (since 1985), in some cases referring to recent reviews. 

Ef.l Absorption, distribution, metabolism and excretion 

I r For a description of the absorption, distribution, metabolism and excretion of cornpo- 
B rents of tobacco smoke, the reader is referred to the monograph on tobacco smoke. 


4.1.1 Humans 

(«) Enzyme activities and metabolism 

In a study of human placental monooxygenasc activity, as measured by in-vitro oxi- 
l dation of 7-ethoxyresorufin, O-deethylase activity was significantly inhibited (p< 0.05) 
\ by 7,8-benzoflavone with placental microsomes from women passively exposed to ciga¬ 
rette smoke, hut not with those from women who had not been exposed (Manchester &. 
f Jacoby, 1981). 

!■ A pharmacokinetic study reported a significantly faster clearance of theophylline in a 
. group of seven nonsmokers exposed to secondhand tobacco smoke, as determined by 
j questionnaire data and cotinine levels, than in a matched group of non-exposed indivi- 
f duals, as determined by clearance rate, terminal elimination half-time and mean residence 
f tune (Tv, = 6.93 h versus 8.69 h, p < 0.05) (Matsunga et al, 1989). Conversely, no changes 
| >n theophylline clearance rale were observed in five male subjects who were heavily 
n exposed to secondhand tobacco smoke for 3 h/day on 5 consecutive days under controlled 
[conditions (Casto eta!., 1990). 

f. ( b ) Tobucco smoke carcinogen biomarkers 

[■ (i) Urinary compounds 

The use of urinary compounds as biomarkers of carcinogen uptake from environ- 
hjnenial tobacco smoke was reviewed by Scherer and Richter (1997). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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4-(Methylnitrosamino)-1 -(3-pyridyI)-!-buiano! (NNAL) and its glucuronides (NNAL- 
Gluc ) are n’eiabolites of the tobacco-specific lung carcinogen 4-(methy]nitrosainino)-]-(3 
Pyndyl). ] -butanone (NNK). The use of the assay for ML and NNAL-Gluc in urine f 0r 
investigations of exposure to secondhand tobacco smoke offers several advantages. Firsth 
it has the sensitivity required to measure relatively low concentrations(tvpicallv about 0 05 
pmol/mL urine*. Secondly, because NNK is a tobacco-specific compound, the detection of 
NNAL and NNAL-Gluc in urine specifically signals exposure to tobacco smoke. At 
studies reported to date have found significantly higher concentrations of NNAL pins 
NNAL-Gluc. or NNAL-Gluc alone, in the urine of nensinokcrs exposed to secondhand 
tobacco smoke than in the urine of unexposed controls, and a good correlation between 
urinary lev els of cotinitw and NNAL plus NNAL-Gluc (Tabic 4. ij In one study, the uptake 
of NNK was more than six times higher in women who lived with smokers than in women 
who lived with nonsmokers (Anderson ei ul. 2001). In another investigation, widespread 
uptake Of NNK was demonstrated in a group of economically disadvantaged school, 
children heavily exposed to tobacco smoke at home (Hecht a al, 2001). Correlations have 
been consistently observed between levels of urinary cotinine and NNAL + NNAL-Gluc 
m people exposed to secondhand tobacco smoke (Hecht. 2002). Because NNAL is a meta¬ 
bolite of the lung carcinogen NNK, these data imply that there is elevated carcinogen 
uptake in subjects with raised concentrations of urinary cotinine. 

Mixed results have been obtained in studies on the relationship between rr-muconic 
acid, a metabolite of benzene, and exposure to secondhand tobacco smoke. Some studies 
have shown significantly increased concentrations in people exposed to secondhand 
tobacco smoke (Yu & Weisel. 1996: Taniguchi end.. 1999: Carrer ei al.. 2000) whereas 
others found no effect i Scherer et al. 1995: Weaver et al. 1996: Ruppert dal. 199*: 
Scherer a al. 1999). the levels being primarily dependent on whether the subject's home 
is in the city or the suburbs and on dietary intake of sorbic acid rather than on exposure 
to secondhand tobacco smoke, The levels of 1-hydroxypyrene and hydroxyphenanthrenes 
in urine arc generally not increased by exposure to secondhand tobacco smoke (Hoepfner 
a a!., 1987, Scherer eial. 1992; Scherer ei al.. 2000), although significant increases have 
been reported under some high exposure conditions (Van Rooij et al 1994’ Siwittska 
ei a!., 1999). 

The concentrations of aromatic amines (Grimmer et al., 2000) and 8-bvdroxy-2'- 
deoxyguanosine (S-OHdG) (Pilger et al. 2001) in urine were also unaffected by exposure 
to secondhand tobacco smoke. The concentration of urinary 5 -(liy drox y m e thy I )u ra c i I was 
significantly elevated in nonsmokers exposed to high levels of secondhand tobacco 
smoke, in a dose-dependent manner (Bianchini et al., 1998). Exposure to secondhand 
tobacco smoke did not affect urinary concentrations of 3-erhyladeninc (Kopplin d ul. 
1995). Elevated concentrations ofthioethers. in particular of 3-hydroxypropyImercapturic 
acid, were observed under controlled, high exposure conditions (Scherer et a!.. 1990. 
1992), hut not in a field study (Scherer eta!.. 1996). 

Lackmann et at. (1999) first reported the presence of.NNAL and NNAL-Gluc in the 
urine of newborns of women who smoked liable 4.1). The available data indicate that 
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Table 4.1. Urinary NNAL and its glucuronides (NNAL-Gluc): biomarkers of 
j<NK uptake in studies of involuntary exposure to tobacco smoke _ 


Study group 


Main conclusions* 


Eiposure of adults to secondhand smoke 

5 men exposed to second- Significantly increased levels of NNAL h NNAL-Gluc 
band smoke after exposure in a chamber: 127174 pmol/day 

(approx. 0.16 +74 pmol/mL urine) 


5 men. 4 women exposed 
to secondhand smoke 
j unexposed controls 

Qnonsmokers(13 

women) 


5 nonsmoking women, 

3 exposed to secondhand 
moke in the home, 

’3 son-exposed 

iv4 nonsmoking 
elementary school-aged 
children 


Significantly increased levels of NNAL-Gluc in 
exposed workers compared to unexpesed controls: 
0.059 i 0.028 pmol/mL urine 

NNAL + NNAL-Glue levels correlated with nicotine 
levels from personal samplers. NN AL, 20.3 r 21.8 
pmol/day: NNAL-Gluc, 22.9 + 28.6 pmol/dav in 
exposed nonsmokers 

NNAL + NNAL-Gluc significantly higher in exposed 
women: 0.050 + 0.068 pmol/mL urin e 


34% w ith lota 1 cotinine > 5 ng/fflL; 52/54 of these 
samples had delectable NNAL or NNAL-Gluc. 93-fold 
range. NNAL +NNAL-Gluc.0.056 ± 0.076 pnwlirl 


Hecht et al. 
(1993) 

Parsons t-r al. 
(1998) 

Meger el al 
( 2000 ) 


Anderson eial. 
( 2001 ) 


Hecht et al. 
12001 ) 


ln-utero exposure io mothers smoking 

: i newbv. - of mothers NNAL-Gluc detected in 71%. NNAL in 13% of urine 

who smoked; 17 new- samples of newborns of smokers; neither detected in 

boras of mothers who did urine of newborns of nonsmokers (p <0.0011: NNAL + 
noi smoke NNAL-Gluc in urine of newborns of smoking mothers, 

0.13 ± 0.15 pmol/mL urine 


21 smokers and 3(1 non- 
smokers 


12 smokers and 10 
nonsmokers 


NNAL detected in amniptie fluid of 52.4% of smokers 
and 6.7% ol nonsmokers (p = 0.0006). NNAL concen¬ 
tration in amniotic fluid of smokers. 0.025 ± 0.029 
pT.oL’mL 

NNAL and NNAL-Gluc not detected in follicular fluid 


Lackmann 
et a/. (1999) 


Milunskv e: al. 
( 2000 ) ’ 


Matthews 
eial. (2002) 


1 Values represent mean ± SD. 

■NNAL, 4-(methylnil!Osan]inn)-l-{3-pyridyl)-l-butanol: NNK, 4-(methyinitrosamino)-l-(3-pynd> )- 
butanone 
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NNK, a transplacental carcinogen, is taken up by the fetus and metabolized to NNAL and 
NNAL-Gluc by fetal enzymes (Lackmann et al , 1999). Consistent with these results 
NNAL was detected in the amniotic fluid of pregnant smokers (Milunfcy el al, 2000)’ 
However, neither NNAL nor NNAL-Gluc could be detected in follicular fluid (Matthew 
eta!.. 2002), 

Urinary excretion of 8-OHdG by newborn babies (n - 12) whose mothers were 
exposed to secondhand tobacco smoke was significantly higher [p = 0.047) than that of 
babies whose mothers were not exposed (n = 8). In both groups, the concentration of 
8-OHdG excreted was also significantly higher for babies whose mothers had the GSTMI 
null genotype (Hong et al., 2001). 

(ii) Protein adducts 

To determine whether involuntary smoking increased the levels of aromatic amine- 
haemoglobin adducts, a group of 14 volunteers who reported negligible exposure to 
secondhand tobacco smoke was compared with a group of 15 nonsmokers who reported 
exposure to at least one pack of cigarettes per day smoked by others, and one of 15 non- 
smokers with unknown levels of exposure to secondhand tobacco smoke. No measurable 
quantities of cofinine were detected in the blood of members of any of the three groups 
(see Section 4.1.1(d) for measurement of cotinine). A further group of 13 nonsmokere, 
including six bartenders who were heavily exposed to secondhand tobacco smoke, had 
measurable levels of cotinine in their blood. Background levels of adducts from 4-amino- 
biphenyl (ABP) and 3-aminobiphenyl w'ere detected in all subjects, but higher levels were 
found in subjects with detectable cotinine levels (p = 0.05 and 0.027, respectively) 
i xlaclure et al., 1989). In another study, the levels of 4-ABP-haemoglobin adducts in 15 
itonsmokers who reported being exposed to secondhand tobacco smoke were not signifi¬ 
cantly higher than those in 35 nonsmokers who were not exposed to secondhand tobacco 
smoke (87.9 ± 19 [SE] pg/g haemoglobin and 69.5 + 7 pg/g, respectively). Only four out 
of 15 of those subjects who reported exposure to secondhand tobacco smoke and four out 
of 35 of those who reported no exposure had measurable levels of urinaiy cotinine 
(Bartsch et a!., 1990). The level of exposure of 40 nonsmoking women to secondhand 
tobacco smoke was determined by questionnaire, use of a diary and a personal air monitor 
and was stratified by average nicotine concentration. There was a significant correlation 
between the concentration of 4-ABP-haemoglobin and exposure category' (p ~ G-M9J 
(Hammond etd, 1993). 

Exposure of pre-school children to secondhand tobacco smoke from their mothers 
was investigated by measuring plasma cotinine levels and PAH-albumin adducts in peri¬ 
pheral blood, the latter detected by ELISA, The study involved 87 mother-child pairs; 31 
mothers smoked and 56 did not. Not only did the mothers who smoked have higher levels 
of adducts (see monograph on tobacco smoke), but the levels in their children were also 
significantly higher (p < 0.05), There was also a significant correlation between adduct 
levels in the mothers and in their children (p = 0.014) (Crawford et al, 1994). In a sub¬ 
sequent study, PAH-albumin and 4-ABP-fjaemogIobin adducts were also found to be 


Source: https:, 


INVOLUNTARY SMOKING 


i 339 


R gnificantly higher in children whose mothers smoked or who lived with other smokers 
■fy) •: 0.05) (Tang et al, 1999). In a study in children from three different-sized cities, 
JCjevcls of 4-ABP adducts and other aromatic amines correlated with the size of the city. 

Exposure to secondhand tobacco smoke was associated with a non-significant increase in 
Rlevels of 4-ABP adducts and a significant decrease in adducts of ortho- and 
-,-toluidine (p < 0.05) (Richter eZ a!., 2001). 

Hr In a study of 69 adults, 27 were smokers, and 19 of the 42 nonsmokers were classified 
j ^ passive smokers as determined by self-report and cotinine levels. The levels of benzo- 
' ; Yjpyrene adducts with albumin and haemoglobin were similar for nonsmokers and 
: * assive smokers (Scherer et al., 2000), 

The levels of A'-hydroxyethylvalinc in haemoglobin were reported to be similar in 
‘ * nonsmokers who did not live or work with a smoker (n = 74) and in those who did 

1 2 - 38), Cotinine levels in passive smokers were not higher than in nonsmokers (Bono 

• There was a significantly higher level (p =0.02) of nitrated proteins in blood plasma 
fnonsmokere who were exposed to secondhand tobacco smoke (n = 30) than in non- 
[Kikers who were unexposed (n = 23) (Pignatelli etal, 2001). 

^.Measurements of maternal-fetal exchange of 4-ABP in pregnant women who smoked 
14) and in'nonsmoking (n = 38) pregnant women (see monograph on tobacco smoke) 
bo wed consistently lower levels of haemoglobin adducts in cord blood than in maternal 
load, with an average maternal to fetal ratio of 2. A significant correlation was found 
j between maternal and fetal levels for all subjects {p < 0.00!) and for smokers only 
: T (0 = 0.002 1 but not for nonsmokers only (p - 0.06) (Coghlin et al. 1991). Another study 
i also found that adduct levels were lower in fetal blood than in maternal blood and were 
% correlated with the smoking status of the mothers (subjects included 74 smokers and 74 

I ponsmokers) (Myers et al, 1996). Another study of 73 nonsmoking pregnant women 
whose cot in in e: creat inine ratios correlated with self-reported exposure to secondhand 
jobacco smoke, found no association with levels of haemoglobin adducts formed by any 
faf nine aromatic amines (Brainier et a!., 1998). 

| Blood samples from smoking and nonsmoking mothers and cord blood from their 
newborns were analysed for /V-hydroxyethylvaline in haemoglobin. The average adduct 
Concentration in newborns of mothers who smoked (n = 13: 147 ±68 
hrnean ± SD] pmol/g) was significantly higher (p < 0.01) than in those from mothers who 
jSefe nonsmokers (n=10; 42 + 18 pmol/g). There was also a significant correlation 
|r<0.Ol) between adduct levels in the newborns and in their mothers (Tavares et al, 
1994). The same samples showed a strong correlation between the concentration of A-(2- 
lyanoethyllvaline (CEVal) adducts in the mothers who smoked and in their newborns 
fo,< 0,001). The adduct levels in the babies were also strongly correlated with the numbers 
S? cigarettes smoked per day by their mothers {p = 0.009). The levels of CEVal in babies 
jjf mothers who did not smoke were below the limit of detection of the assay (1 pmol/g) 
ijavarese/a/., 1996). 
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(iii) DMA adducts 

Although many studies have investigated the levels of DNA adducts or other 
measures of DNA damage in the tissues of smokers, ex-smokers and nonsmokers (see 
monograph on tobacco smoke), relatively few studies have investigated the use of these 
biomarkers to monitor the exposure of nonsmokers to secondhand tobacco smoke 
probably because they may not distinguish the effects of exposure to secondhand tobacco 
smoke from those of exposure to other sources of environmental carcinogens. 

In 4 study in which declining DNA adduct levels in the white blood cells of smokers 
enrolled in a smoking cessation programme were measured by ELISA, the levels of PAH- 
DNA adducts both at baseline and 10 weeks after cessation were significantly associated 
with number of hours of exposure to secondhand tobacco smoke at home (p = 0.009 and 
P = 0.02, respectively) and were also higher if the subject lived with another smoker 
(p = 0.02). However, there was no observable influence of exposure to secondhand 
tobacco smoke at the workplace (Mooney etai, 1995). 

Using die prevalence of serum antibodies to benzo[a]pyrene did epoxide 
(BPDE)-DNA adducts as a biomarker of exposure to environmental PAHs in an Italian 
population, no association between the percentage of subjects with DNA adducts and 
passive smoking was found (Petruzzelli el al, 1998). In a study in which significant diffe¬ 
rences were observed between the levels of BPDE-DNA adducts in the peripheral lym¬ 
phocytes of smokers (n = 40) and nonsmokers (n = 35), as determined by a flow cyto¬ 
metric method using BPDE-DNA antibodies, the mean value for nonsmokers with no or 
low exposure to secondhand tobacco smoke (n - 17) was marginally higher than that of 
exposed nonsmokers (tt = 18). but the difference was not statistically signiftran! 
(Shinozaki etai., 1999). Using antibodies to BPDE-DNA adducts, immunohistochemicai 
staining of ovarian granulosa-lutein cells from women undergoing in-vitro fertilization 
showed a strong correlation between smoking status and adduct levels in nonsmokers 
(n = 11), passive smokers (n = 7) and active smokers (» = 14); all pairwise comparisons 
were highly significant (p < 0.000!) (Zenzes el n !,! 998). 

Oxidative damage caused by exposure to secondhand tobacco smoke was assessed by 
measuring the concentration of 8-OHdG in the blood of 74 nonsmokers. The levels were, 
on average, 63% higher in the subjects exposed to secondhand tobacco smoke in the 
workplace (n = 27) than in the unexposed group (n = 29) and this difference was 
statistically significant (p < 0.05) (Howard et a!., 1998a). However, in another study, die 
levels of 8-OHdG in leukocytes were significantly lower in smokers than in nonsmokers 
(see monograph on tobacco smoke) and no association was observed with exposure to 
secondhand tobacco smoke (van Zeeland et al., 1999), 

Five nonsmokers were exposed to secondhand tobacco smoke under controlled condi¬ 
tions (exposure to gas phase only for 8 h, followed by exposure to whole secondhand 
tobacco smoke for 8 h, 40 h later). When their monocyte DNA was analysed by 3 -P-pM*‘ 
labelling, no changes in the adduct patterns were seen after either exposure period, when 
compared with the samples obtained before exposure (Holz era/., 1990). In a study ofb®*- 
markers of exposure to air pollution in three Greek populations, one urban, one rural and 


fit 


I 

mne on a university campus, 32 P-postlabelling analysis of lymphocyte DNA revealed the 
(presence 0 f DNA adducts that significantly (p < 0.001) paralleled the level of exposure to 
Secondhand tobacco smoke, as determined by self-report, plasma cotinine concentrations 
|nd profiles of personal exposure to PAHs that were characteristic of secondhand tobacco 
l^smoke. rather than other environmental sources (Georgiadis el ai, 2001). 
t DNA adducts of PAHs were detected by ELISA in 6/14 placentas and in 5/12 matched 

'letal lung samples from spontaneous abortions. None of the samples were from women 
1 * who reported smoking during pregnancy, suggesting that the adducts are due to some 
| other source of hydrocarbon exposure (Hatch et ai, 1990). In another study using ELISA, 
BPDE-DNA adducts were detected in 13/15 placental samples from smokers and 3/10 
from nonsmokers. There was a strong correlation between concentrations of both adducts 
and urinary cotinine for both placental DNA and umbilical cord DNA, the former tissue 
iving the higher adduct levels (transfer coefficient = 0.37-0.74) (Amould et al, 1997). 
/hen placental DNA was analysed both for bulky DNA adducts by 5: P-postlabelling and 
8-OHdG by electrochemical detection, neither method showed a difference between 
fismokers, ten nonsmokers and nine nonsmokers exposed to passive smoking (Daube 
fal, 1997). Using 32 F-postlabelling with nuclease PI digestion, DNA adducts were 
Jetected in placental and umbilical cord DNA regardless of the smoking status of the 
[mothers and were significantly higher in maternal tissue than in fetal tissue 
-ajnatemal/fetal ratio = 2.0). When considered separately, tissues showed only marginally 
increased adduct levels in smokers, but total DNA adduct levels in all tissues combined 
were significantly higher in smokers (n = 8) than in nonsmokers (n = 11) (Hansen el al., 
1992,1993). 

(c) Other biomarkers 

(i) Breath compounds 
tCnrbon monoxide 

’ Carbon monoxide (CO) in expired air has been reported to be an indirect measure of 
[passive smoking both in adults and children. Given its very short half-life. CO ccncen- 
gtiation must be measured shortly after exposure. 

_ Aft er a 9 -ft period of exposure to secondhand tobacco smoke at the workplace, 100 
■nonsmoking waiters exhaled on average 5.0 ppm CO (the pre-exposure CO concentration 
las 2,0 ppm) compared to a concentration of 2.5 ppm CO exhaled by 100 medical 
jfstudents who spent the day in a nonsmoking environment (p < 0.001; Laranjeira et al., 
[2000). A study in Japan found that mean concentrations of exhaled CO in passive smokers 
jtere. also significantly higher (p < 0.001) than those of nonsmokers who were not 
|xposed to secondhand tobacco smoke (Taniguchi et al., 1999). 
ft'. Die concentrations of exhaled CO were also measured in 235 healthy and 54 asthma- 
’ : children (Ece et ai, 2000). Regardless of the parents’ smoking habits, CO concen¬ 
sus were higher in asthmatic than in healthy children (1.32 ppm versus 0.86 ppm; 
5 = 0.028). Significant relationships were found between the number of cigarettes smoked 
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Nitric oxide 

Of exhaled nitric oxide (NO) had fallen by F 6% or ^0 w 6 !’’ 05 ’^' ^ c0ncentraflons 

low during me entire time of exposure (Yate's et a! ^OOn^ llVe, >'* aad remaine <i 
prenatally to cigarette smoke - 7 i i, . *)- Similarly, newborns exposed 
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Benzene 
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(ii) Blood compounds 
C arbox\ 'haemoglobin 

========= 

nil Carb0 ^ haem °g l0bin measurements may be largely confoun e bv 
endogenous formation and environmental fort™ ,„,i 1 fc y C(mrouMed b > 

monitoring passive smoking (Scherer & RichtcJ IW) "*" ^ f ° r 

Thiocyanate 
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el al, 1987; Scherer & Richte/l m™* ^ th “ CS ™* conccntrations ( Rdbertson 
(iii) Particles 
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between individuals indicate that deposition of environmental tobacco smoke is governed 
by 'an individual’s airway anatomy and breathing patterns. 

" Id) Nicotine and its metabolites as binmarkers 

; Many of the biological markers other than nicotine or cotinine that are used as indi¬ 
cators of exposure and uptake in smokers (e g. carhoxyhaemoglobin and thiocyanate; see 
monograph on tobacco smoke) are not suitable for accurate measurement of exposure to 
secondhand tobacco smoke because of potential confounding exposure from diet and 
environment (US National Research Council 1986; US Environmental Protection 
Agency, 1992; California Environmental Protection Agency, 1997; Benowitz. 1999). 

In addition to nicotine from use of tobacco products, pharmaceutical products for 
i.iotine replacement therapy or exposure from secondhand tobacco smoke, small quan- 
i ties of nicotine may enter the body from dietary sources, mainly from consumption of 
— • :/and some solanaeeous plants such as aubergine, potato peel and tomato (Castro & 
.'ionji, 1986; Sheen, 1988; Davis et al, 1991; Domino et al., 1993; reviewed in Leyden 
k.: g/- ] 999). The contribution from dietary sources has, however, been estimated to he 
V: ihimal and is generally thought not to influence the concentrations of nicotine or coti- 
feriirfe in body fluids significantly enough to affect their use as a biomarker for exposure to 
I secondhand tobacco smoke (Tunstall-Pedoe et al., 1991; Henningfleld, 1993; Benowitz, 
1996), although there has been some disagreement on the subject (Davis et al.. 1991). It 
has been calculated that even very high consumption of these nicotine-containing 
products would equal, at most, about 10% of the amouni of nicotine generally taken up 
by nonsmokers exposed to secondhand lobacco smoke (Jarvis. 1994; Repace. 1994, 
\ Pirkle etal, 1996). 

* - Measurements of nicotine and/or cotinine in body fluids of smokers have demons- 
L irated that nicotine and cotinine are biomarkers of high sensitivity (96-97%) and speci¬ 
ficity (99-100%) of exposure to tobacco smoke (Jarvis etal, 1987; see monograph on 
lobacco smoke). Owing to its longer half-life, cotinine measured in the blood, saliva or 
urine of nonsmokers is presently the most widely used biomarker for assessment of expo¬ 
sure to secondhand tobacco smoke (IARC, 1986; US National Research Council, 1986; 
US Environmental Protection Agency, 1992). —— 

'/ (i) Adults 

, Numerous studies have investigated the dependence of concentrations of cotinine in 
i the serum, saliva and urine on exposure to secondhand tobacco smoke (concentration and 
duration of exposure) in experimental conditions as well as in nonsmokers exposed to 
secondhand tobacco smoke, as reviewed in the reports of IARC (1986), US National 
: Research Council (1986), the US DHHS (1986), the US Environmental Protection 
Agency (1992) and the California Environmental Protection Agency (1997). Studies 
involving several thousands of subjects have demonstrated that cotinine concentrations 
measured in the blood, saliva or urine of nonsmokers exposed to secondhand tobacco 
smoke at home or at work are significantly higher than the concentrations in non-expused 
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nonsmokers (Coullas et a!., 1987; Cummings et al, 1990; Riboli et al., 1990; Tunstall- 
Pedoe (i al., 1991; Pirkle et al, 1996; Wagenknecht et al., 1993; Fontliam et a!., 1994 
Jarvis etal., 2001). In nonsmokers exposed to secondhand tobacco smoke, cotiniiie levels 
arc typically 0.6-2% of those detected in smokers (Haekshaw el al., 1997; Jarvis et al, 
1987,2001; Etzel et al., 1990; Benowilz, 1999; Etter, 2000), and they correlate well with 
self-reported exposure (Jarvis et al, 1985; Haley et al, 1989; Coultas et al., 1987; 
Cummings etal, 1990; Riboli et al., 1990; Jarvis et al, 1991, 2001, and also discussed 
in the reviews of the US Environmental Protection Agency (1992) and the California 
Environmental Protection Agency (i 997)). 

Cut-points have been introduced in these studies to distinguish occasional smokers 
from nonsmokers exposed to secondhand smoke. The cut-off values used in the various 
studies are typically in the range of 10-30 ng/mL for salivary cotinine, 10-15 ng/ntl for 
cotinine in serum, 20-40 ng/mL for cotinine in plasma, and 50-90 nghnl for cotinine in 
urine (reviewed in Etzel, 1990; Perez-Stable et al, 1992; California Environmental Pro¬ 
tection Agency, 1997), but higher values may sometimes be applied (Riboli el al., 1995). 

The relationships between exposure to secondhand tobacco smoke and cotinine con¬ 
centrations in body fluids have been investigated. Cummings and co-workers (1990) 
found a clear association between concentrations of urinary cotinine and the number of 
reported exposures to secondhand tobacco smoke in the 4 days before sampling in 663 
nonsmokers. Another study that investigated almost 200 nonsmokers who were exposed 
to secondhand tobacco smoke at home or at work showed that concentrations of urinary 
cotinine increased with increasing duration of exposure (Thompson et al, 1990). Every 
additional 10-h period of exposure was found to result in an increase in urinary cotinine 
of 44% (95% Cl. 23-67%; p < 0.001). 

In a large multi centre, multi nationality study conducted among 13 DO nonsmoking 
women, a dear linear Increase in mean concentrations of urinary cotinine was observed 
from the group of women not exposed to secondhand smoke either at work or at home 
(mean, 2.7 ng/mg creatinine) to those exposed both at work and at home (mean. 
10.0 ng/mg creatinine) (Riboli et al, 1990). Cotinine concentrations have been demons¬ 
trated to be dependent both on the duration of exposure and the number of cigarettes 
smoked by others. When the number of cigarettes was corrected for duration of exposure 
and room volume, it was estimated that a similar increase in concentration of cotinine 
(5 ng/mg) is predicted with 7.2 cigarettes smoked at home versus 17.9 cigarettes smoked 
at the workplace. Based on the measured cotinine concentrations, the number of cigarettes 
smoked by the spouse was found to be the best estimate for domestic exposure, and 
duration of exposure provided the best estimate for occupational exposure (Riboli et al, 
1990). 

Cotinine concentrations associated with occupational exposure to secondhand 
tobacco smoke vary somewhat more than those related to domestic exposure. This is 
because occupational exposure is subject to larger variations in several variables including 
the number of smokers present, ventilation conditions and variation in physical workload 
of the nonsmokers. Studies of flight attendants and workers in restaurants, bars, casinos 
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A 

jPand other similar public settings have found that these occupations lead to greater expo¬ 
sure to secondhand tobacco smoke than that of the average population, with cotinine con- 
Jf^centrations generally reflecting those of tobacco smoke concentrations measured in the 
workplace (Mattson et al., 1989; Jarvis et al., 1992; Siegel, 1993; Dimich-Ward et al., 
*q 97; Trout et al, 1998; Maskarinec et al.. 2000). One study showed that in addition to 
•^ exposure in the workplace, exposure of bartenders to secondhand smoke at home further 
: elevated their cotinine concentrations (Maskarinec et al, 2000). Jarvis et al. (1992) 
reported a median salivary cotinine concentration of 7.95 ng/mL and a maximum concen¬ 
tration of 31.3 ng/mL among 42 nonsmoking staff working in a bar. Thus, under certain 
circumstances of exposure, peak values detected in people exposed to secondhand 
tobacco smoke may exceed the cut-poinis used to distinguish smokers from nonsmokers 
m many studies (Perez-Stable et al., 1992; California Environmental Protection Agency, 
1997). 

(ii) Children 

The reports of the US Environmental Protection Agency (1992) and the California 
| Environmental Proteaion Agency (1997) summarize studies that have reported increased 
concentrations of cotinine in children exposed to secondhand tobacco smoke at home, 
f Many more recent studies have also found a significant correlation between cotinine con¬ 
i' centrations in children and the amount of smoking by the parcnt(s) (Jarvis et al, 1985; 
reviewed in Hovell et al.. 2000a). A cross-sectional survey of secondary-school children 
conducted in 1998 found that salivary cotinine concentrations were correlated with 
parental smoking, but that the concentrations had halved since the late 1980s (Jarvis etal. 
2000). Counselling, during 3 months, of non-employcd mothers who smoked and who 
had children under school age significantly reduced the children's urine cotinine concen¬ 
tration at 12 months (Hovell et al, 2000b). 

(iii) Newborns 

■ Higher concentrations of cotinine were found in amniotic fluid than in maternal urine 
in both smokers and nonsmokers (Jordanov, 1990). Studies of isolated perfused human 
placental cotyledon indicated that less than 1% of nicotine is metabolized to cotinine by 
the placenta. Rather, after rapid transfer across the placenta, nicotine is metabolized to 
Jfc cotinine'TyTetal tissues (Pastrakuljic etal., 1998; Sastry et al, 1998). The elimination 
kinetics of nicotine, cotinine, trans-3'-hydroxycotinine and their conjugates in the urine of 
newborns were first reported by Dempsey etal. (2000). The results indicated that the half- 
life of nicotine in newborns was 3^4 times longer than that in adults, whereas the half-life 
rif cotinine was essentially the same in newborns as in adults, The data indicate that new¬ 
borns are capable of metabolizing nicotine to cotinine and of conjugating nicotine, cod- 
nine and 3'-OH cotinine. However, it is not known what percentage of cotinine is formed 
by the fetus and what percentage is acquired transpfacentally, and which P450 isozymes 
are involved in fetal metabolism of nicotine (Dempsey et al, 2000). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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, Etzel el al. (1985) used a radio-immunoassay to detect cotinine in the 1-day urine of 
infante bom to self-identified smokers and nonsmokers. The median concentration of uti- 
nary cotinine for newborns of smokers was 1233 ng/mg creatinine as opposed to 
14.5 ng/mg for newborns whose mothers were nonsmokers. 

A study of 31 mothers and their newborns was conducted in Bulgaria (Jordanov 
1990), Analysis of 1 -day urine by a direct colorimelri c method found a mean urinarv coti¬ 
nine concentration ot 13 + 3 pmol/L for the newborns of nonsmokers not exposed to 
tobacco smoke. 18 + 4 fimol/L for the newborns of passive smokers and 44 — 18 p mo |fo 
for the newborns of active smokers who smoked an average of 15 cigarettes per dav ai; 
di fferences were statistically significant. First-day urine of newborns was analysed in a 
large study of 429 mothers in Barcelona, Spain (Pichini el al., 2000). Concentrations of 
urinary cotinine higher than the cut-off value of 50 ng/mL were measured in 17% 0 f 
samples from newborns of nonsmoking mothers exposed to secondhand smoke, versus 
2% for nonsmoking mothers who were not exposed to secondhand smoke. The concen¬ 
trations of cotinine in the urine and cord serum of newborns of nonsmoking women with 
a calculated daily exposure to nicotine of more than 4 mg were significantly higher than 
the levels in newborns of nonsmoking mothers who were not exposed (30.9 versus 
6.2 ng/mL;/; < 0.05), after adjustment for creatinine, maternal age and sex. Daily intake 
of nicotine for active smokers was stratified into < 3.6 mg nicotine per day. 3.6-9 me per 
day and > 9 mg per day. Urinary and cord serum cotinine concentrations were 5! 5 ng m L 
for newborns of mothers with intermediate daily nicotine intake and 568 ng m ]_ for the 
newborns of mothers with high daily nicotine intake and were statistically different 
(p < 0.05) from the concentrations m newborns of mothers with a low daily nicotine 
intake (161 ng/mL). 

Nicotine has recently been demonstrated to occur in newborn urine. Lackmann elal 
(1999) used gas chromatography-mass spectrometry with selective ion monitoring to 
detect nicotine in first voided unne samples in newborns of mothers who smoked an 
average of 12.4 cigarettes per day. The average concentration of nicotine in 18/31 (58%) 
samples was 0.63 nmol/mL. Nicotine was not detected in the urine of 17 newborns of 
women who did not smoke {p < 0.00 ]), In the same study, cotinine was detected in 28,31 
(90%) of the urine samples from newborns of mothers who were smokers, at a mean con¬ 
centration of 0.87 nmol/mL. 1 he newborns of women who were nonsmokers had a mean 
urine cotinine concentration of 0.049 nmol/mL The difference was statistically signi¬ 
ficant (p < 0.001). Similarly, using high-performance liquid chromatography. Kohler el a!. 
(2001) were able to detect nicotine and cotinine in the urine of newborns of active 
smokers (mean + SD, 374 + 765 nmo!/L for nicotine and 500 + 572 nmol/L for cotinine), 
but not in the unne of the newborns of nonsmokers, whether or not they were exposed to 
secondhand tobacco smoke (p < 0.05 and p < 0.001 for nicotine and cotinine, respec¬ 
tively). They also observed a strong correlation between the nicotine and cotinine concen¬ 
trations in the mothers and in their newborns. 


(iv) Alternative nicotine-related measures of exposure 
The analysis of nicotine in hair has been suggested as an alternative and non-invasive 
, measure of exposure to tobacco smoke, particularly in children. This method may allow 
f rast exposure to be measured over a longer time period than is possible using measure- 
i nien ts of nicotine in blood, saliva or urine. Several studies have shown a strong 
’ correlation between nicotine levels in hair and sell-reported exposure to tobacco smoke 
or exposure in experimental chambers (Zahlsen elal, 1996: Nafstadet al., 1997: Dimich- 
Ward el a!., 1997; Al-Delaimy et al, 2000). In fact, this has been proposed to be a more 
precise indicator of exposure to secondhand tobacco smoke than concentrations of urinary' 
cotinine (Al-Delaimy elal., 2002). 

, The concentrations in the urine of minor nicotine-related tobacco alkaloids not 
f present in nicotine medications, such as anabasme or anatabine, have been proposed as 
| indicators of exposure to tobacco smoke in individuals undergoing nicotine replacement 
fcdierapy (Jacob e/ tr/., 1999). 

p In summary, cotinine and its parent compound nicotine have a very high specificity 
land sensitivity for exposure to secondhand tobacco smoke, and, as such, cotinine is 
Fpresently the best suited biomarker for assessing exposure to secondhand smoke and its 
| uptake and metabolism in adults, children and newborns. 

4.1.2 Experimental systems 

The studies in which experimental animals were exposed to sidestream smoke alone 
or to simulated environmental tobacco smoke are reviewed below (see Section 3.1 for 
. definitions). 

F ] n mos t studies the amount of smoke administered to the animals was monitored by 
measuring its total particulate matter (TPM), carbon monoxide (CO) and/or nicotine 
; content. Internal dose measurements include those ot carboxyhaemoglobin (COHhi 
adducts and/or cotinine in blood or urine. 

(a) Effects of tobacco smoke on enzyme activities 

—Studies in animals on the effects of sidestream smoke on enzyme concentrations have 
evaluated changes in phase 1 and phase II enzymes in liver, lung and trachea (Table 4./.). 
! A few studies have looked at changes in enzyme activities in brain and kart. 

(j) Phase I enzymes 

The ability of sidestream smoke to induce hepatic P450 activity was investigated in 
male Wistar rats (Kawamoto el al, 1993). Animals were exposed for 8 h/day to the smoke 
' from 1,3 or 5 cigarettes/h for 5 days (6-500 ppm CO). Total cytochrome P450 and nico¬ 
tinamide-adenine dinueleotide phosphate (reduced form; NADPB) cytochrome c reduc- 
; tase activities were not affected, but cytochrome b 5 was increased 1.6-fold and aryl hydro¬ 
carbon hydroxylase (AHH) activity was significantly decreased in the highest exposure 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 



T 1 able 4.2. Effect of sidestream or simulated environmental tobacco smoke on enzyme concentration or activity 


Mouse 

Mouse 


R3t 

Rat 


Species 

Strain/sex 

Exposure 
conditions 
(mg/m 3 TPM) 

F.n/yme affected 

Effect (tissue) 

Reference 

Rat 

S-D/M 

n.g. 

Omit bine decarboxylase 

+ (trachea); 0 (lung) 

Olson (1985) 




tS’-Adcnosyl-methionine 

— (trachea, lung) 


Mouse 



decarboxylase 



C57B17M 

n.g. 

Aryl hydrocarbon hydroxylase 

*+ (lung) 

Gairoln (1 987) 

Rat 

S-D/M 


Aryl hydrocarbon hydroxylase 

+ (lung) 

Guinea-pig 

Hart Icy/M 


Aryl hydrocarbon hydroxylase 

0 (lung) 


Mouse 

C57BL/F 

5.21 m^kg bw 

Ary] hydrocarbon hydroxylase 

+ (lung) 

Gairola el al, (1993) 


DBA/F 

7.05 mg/kg bw 

Aryl hydrocarbon hydroxylase 

0 (lung) 

Rat 

Wistar/M 

6—500 ppm CO 

Total P450s 

0 (liver) 

Kawamoto et al. (1993) 




P4S0 1 Al. 1A2.2B1 

(liver) 




NADPH cytochrome C 

0 (liver) 





reductase 

Cytochrome b 5 

+ (liver) 





Aryl hydrocarbon hydroxylase 

— (liver) 


Rot 

S-D/M 

1 

P450 I A 1 

+ (lung) 

Ji ft al. ( 1994) 




NADl’l 1 reductase 

-<• (lung) 


Kilt 

S-D/M 


P450 2R 

0 (lung) 


1 

P450 1 Al 

0 (trachea, liver); 

+ (lung) 

Ccbi'cmichad et al. (1995) 






P450 20 1 

0 (lung, liver) 


l'crrcl 

E u rop can /' M 1 < 

38;381 

1*4 50k 

— (liver) 

Sindlui ct al- (1995) 




P45U reduo l use 

— (liver) 




7-l : .ilioxycoiimiirin 

(liver) 





O ilcoillyhisc 

P450IA 

- (liver) 



European/f 


Cyli'diii'nic h<. 

- (liver! 





Cytochrome b* reductase 

— (liver) 


Table 4.2 (contd) 

1 

J 

• m 



Species 

Strain/sex 

Exposure 

conditions 

(mg/m 3 TPM) 

Enzyme ulTcclcd 

Effect (tissue) 

Reference 


Rat 

Ral 


Rat 

Rat 


C57BL/6N/M 

DBA/2N/M 

AJ/M 

Wistar/M 

Sprague- Dawley/n.g. 

Wistar/M 

Wistar/M 

Spraguc-Dawley/ 

M&F 

Sprague-Dawley/F 

Wistar/M 


1 

P450 (At 

+ (lung) 


P450 l A1 

0 (lung) 

87.3 

P450 1A! 

+ (trachea, lung) 

P450 2131,2E1 

0 (lung) 

n.g. 

73-93 

P450s 

0 (liver) 

Aryl hydrocarbon hydroxylase 

+ (lung) 

C lutathu>ne-/»-tt ansfetfase 

+ (lung) 

mg- 

10 

protein kinase C 

+ (lung) 

Inducible nitric oxide synthase* 

+ (alveolar 

macrophages) 

j 

P450 1 Al 

+ (lung) 


P450 1BI, 2B1 

0 (lung) 


NADPH reductase 

0 (lung) 

l 

AcJenylyl cyclase 

+ (brain, heart) 

90 

1*450 1 Al 

+ (lung) 


Witselii et al. (1997a) 

Kurala et al. (1998) 
Izzotti cl al. (1999) 

Machira et al. (1999) 
Morimoto et al. (1999) 

Lee et al. (2000) 


Slotkin ct al. (2001) 
Nadadur et al. (2002) 


< 

O 


1 

2 
o 


TPM, total particulate matter; M, male; F, female; W, body weight; +. significant increase 
* With mineral fibre treatment 


; 0, unchanged; —, significant decrease; n.g., not given 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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group. Although total cytochrome P450s did not change, P450 1A1, P450 1A2, and P450 
2B1 were elevated by the high exposure regimen. 

The effect of sidestream smoke on bronchiolar epithelial cell expression of P450 1 Al 
was studied in postnatal male Sprague-Dawley rats that were exposed to aged and diluted 
sidestream smoke (1 mg/m- 3 TPM; 6 ppm CO; 350 pg/m 3 nicotine) for 6 h/day, 5 days'’ 
week from birth until 7, 14. 21. 50 or 100 days of age, Exposure to sidestream smoke 
significantly increased the expression of P450 1A! in Clara cells of the proximal and 
distal airways and in alveolar Type 11 cells in the lung parenchyma at all times, with a 
maxima! expression occurring at 50 days of age. NADPH reductase was increased in 
bronchiolar epithelial cells at 21 and 50 days, but not at 7 or 100 days. Cytochrome 
P450 2B expression was not affected by sidestream smoke in any airway epithelial cells 
during this study (Ji et al., 1994). 

Sindhu eta!. (1995) studied hepatic cytochrome P450s after the exposure of ferrets to 
simulated environmental tobacco smoke. Six-week old male and female European ferrets 
were exposed to simulated environmental tobacco smoke {38 mg/m 3 TPM (low-dose) and 
381 mg/m 5 TPM (high-dose)) for 2 h/day, 5 days/week for 8 weeks. In both male and 
female animals, there was a significant decrease in P450 content, and in P450 reductase 
and 7-ethoxycoumarin O-deethylase activities after exposure to both high and low con¬ 
centrations. Immunoblot analysis revealed a decrease in P450 1A in exposed animals 
compared with controls. In addition, cytochrome b s content and the activity of its reduc¬ 
tase were decreased in females. 

The expression of P450 1A1 and 2B1 was evaluated in newborn male rats which were 
exposed to aged and diluted sidestream smoke for 6 h/day, 5 days/wcek (1 mg/m 5 TPM). 
Sidestream smoke induced pulmonary P450 1A1 activity as early as day 7 after birth, 
whereas it was not detected in controls. Pulmonary P450 1 Al activity remained signifi¬ 
cantly (3- to 4-fold) elevated until 100 days, whereas pulmonary P450 2B1 activity did 
not change at any age. Hepatic P450 1A1 and P450 2B1 were generally unchanged 
following exposure to sidestream smoke, except that P450 2B1 activity was decreased by 
30% at 100 days. The effects, of .short-term exposure were studied in 47-day-old rats 
exposed for 6 h/day for 4 days, to either filtered or unfiltered sidestream smoke (0.03 and 
1 mg/m 3 TPM, respectively). Whole, but not filtered, sidestream smoke increased pulmo¬ 
nary P450 I Al more than threefold; P450 2B1 was unchanged by either type of exposure 
(Gebremicbael et al., 1995). 

The role of the Ah receptor in response to exposure to sidestream smoke was 
evaluated (Gebrcmichae! et al., 1996). Male C57BL/6N and DBA/2N mice were exposed 
for 6 h/day for 4 days to aged and diluted sidestream smoke (! mg/m 3 TPM; 3.4 ppm CO, 
703 pg/m 3 nicotine). Sidestream smoke induced ethoxyre$orufin-(7-dealkylase activity in 
the lungs of C57BL/6N mice, but had no effect in mice of the DBA/2N strain, which has 
a reduced AhR functionality. 

I he induction of pulmonary tumours and P450 1A1 after exposure to simulated envi¬ 
ronmental tobacco smoke was examined in male AO mice (Witschi et a!.. 1997a). Mice- 
12 weeks of age, were exposed to simulated environmental tobacco smoke (87.3 mg m 


TPM) for 6 h/day, 5 days/week for 5 months. The expression of P450 1A1 was signifi¬ 
cantly increased in airway epithelium and lung parenchyma of the smoke-exposed mice 
after 5 months of exposure; however, after a 4-month recovery period, no expression of 
P450 1A1 could he detected. P450 2B1 and 2E1 were not affected by exposure to tobacco 
rt- sl nokc. No enhanced expression of P450 1A1 was detected in lung tumours. Filtered 
smoke, ntaining 0.1 mg/m 3 TPM did not induce P450 1A1 expression in female A/J 
mice under the same conditions (Witschi et al., 1997b). 

' The effect of sidestream smoke on the expression of pulmonary cytochrome P450 
mRNAs in rats has been examined following in-utero and postnatal exposure (Lee et al., 
2000). Gestating Sprague-Dawley rats were exposed to aged and diluted sidestream 
I smoke (1 mg/m 3 TPM; 7.3 ppm CO; 250 pgftn 3 nicotine) beginning on gestational day 5. 
None of the P450 isozymes analysed were increased in fetal lungs when evaluated at 17, 
19 or 21 days of gestation. In contrast, postnatal exposure to sidestream smoke induced 
P450 IA1 expression as early as 1 day after birth. No induction of P450 1B1, 2B1 or 
NADPH cytochrome P450 reductase was observed following continuous in-utero and 
postnatal exposure to sidestream smoke. 

Total liver content of P450 remained unchanged in male Wistai rats following expo¬ 
sure to sidestream smoke for 2 h/day for 25 days [no information on TPM or other 
measurements of smoke concentration was given] (Kurata et al., 1998). 

Spontaneously hypertensive (SH> rats exhibit heritable risk factors similar to those 
found in patients with chronic obstructive pulmonary disease, and are more susceptible to 
lung injury' and inflammation, to oxidative stress resulting from exposure to combustion 
jjy-producis and to induction of pulmonary diseases in general, Nadadur et al. (2002) used 
this model to examine the differential gene expression following exposure to sidestream 
‘ smoke. Male SH rats were exposed to sidestream smoke (90 mg/m 3 TPM) for 6 h/day on 
[[consecutiv e days. Total RNAs were isolated tom lungs on the third day and cDNA was 
examined by gene-expression array filters containing 588 genes. Exposure to sidestream 
smoke resulted in a differential expression of 16 genes, including P4501A1. 

The effect of sidestream smoke onAHH activity was investigated in different species 
and strains. Male C57BL mice, Sprague-Dawley rats and Hartley guinea-pigs [ages not 
Stated] were exposed to sidestream smoke once or twice daily, on 7 days/week for 16 
weeks. AHH levels were significantly increased in mice and rats (3.7-fold and 2.7-fold, 
respectively), but remained unchanged in guinea-pigs (Gairola, 1987). In a later study by 
_pairola et al. (1993), female C57BL and DBA mice, 8-9 weeks old, were exposed to side- 
stream smoke daily [duration of exposure , not stated] for 65-70 weeks (average TPM 
[intake, 5.21 and 7.05 mg/kg body weight, respectively). Exposure to sidestream smoke 
induced pulmonary AHH activity' two- to threefold in C57BL mice, but no effect was 
Uounc in DBA mice. In a later study, male Sprague-Dawley rats were exposed to 
simulated environmental tobacco smoke (a mixture of 89% sidestream smoke and 11% 
mainstream smoke) for 6 h/day, 5 days/week for up to 5 weeks (73-93 mg/m 3 TPM; 350 
i ppm CO). Exposure to simulated environmental tobacco smoke resulted in a significant 
induction of AHH activity' in lung microsomal fractions, which increased over the first 4 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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weeks of exposure; however, within 1 week after termination of the exposure, AHH 
activity decreased to the same levels as those measured in sham-treated rats (Izzctti et a! 
1999). 

(ii) Phase 11 enzymes 

Male Sprague-Dawley rats were exposed to simulated environmental tobacco smoke 
ford h/'day, 5 days/week for up to 5 weeks (73-93 mg/m 3 TPM; 350 ppm CO) (Izzotti 
el a!.. 1999). This exposure resulted in the concentrations of GSH in lung post-mito¬ 
chondrial {SI2) fractions undergoing a progressive and consistent decrease, which 
became significant after 4 weeks. After 5 weeks, GSH levels in exposed animals wet? 
67% of the levels in controls. The activity of glutathione-5-transferase (GST) in lung cyto¬ 
solic fractions from exposed animals increased steadily and became significantly elevated 
after 5 w'ceks, 

(iii) Other eitnmaiic alterations 

The effect of chronic exposure to sidestream smoke on ornithine decarboxylase and 
S-adenosyl-methionine decarboxylase activity was determined in the rat trachea and lung. 
Male Sprague-Dawley rats were exposed for 10 min daily, 7 days'week, for4 or 8 weds 
to 25% sidestream smoke, or for 20 weeks to either 50%, 25% or 10% sidestream smoke 
(Olson. 1985). Ornithine decarboxylase activity' in the lung was elevated in the group 
exposed for 8 weeks, but not in the group exposed for 20 weeks at any dose, Ornithine 
decarboxylase in the trachea was significantly elevated by all concentrations of sidestream 
smoke at all times. None of the treated rats showed any significant increase in 
S-adenosyl-methionme decarboxylase activity at any concentration or duration of 
exposure. 

In 8-week-old male Wistar rats exposed to sidestream smoke [concentration not 
reported] for 1-h periods, twice daily, for 8,12 or 20 weeks, protein kinase C activity in 
lung was increased by 120% at 8 weeks, and by 86% and 81% at 12 and 20 weeks, res¬ 
pectively (Maehira et al., 1999). 

The synergistic effects of sidestream smoke and mineral fibres were investigated by 1 
Morimoto et al. (1999). Temweek-old male Wistar rats were first given an 'intratracheal 
instillation of chrysotile or ceramic fibres and subsequently exposed to sidestream smoke 
for 4 h/day, 5 days/week for 4 weeks (10 mg/m 3 TPM; 79 ppm CO). Control groups 
included animals exposed to saline only, chrysotile only, ceramic fibres only and side- 
stream smoke only. Both exposure to mineral fibres and/or to sidestream snioke increased 
the number of cells recovered from bronchoalveolar lavage; alveolar macrophages 
accounted for > 95% of the total cells. Levels of IL-Ict mRNA were significantly 
increased (p < 0.05) in all exposed groups (i.e. those exposed to sidestream smoke, 
mineral fibres, and sidestream smuke plus mineral fibres) in alveolar macrophages, but 
not in lung (when compared to saline-treated controls). Increased expression of fL-6 
mRNA was only seen in the lung when sidestream smoke was combined with chrysotile. 
but neither exposure alone was sufficient to induce expression of IL-6 mRNA- No su ™ 
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increase was observed in alveolar macrophages. Similaiiy, inducible nitric oxide synthase 
(iNOS) was not increased in the alveolar macrophages of rats treated with mineral fibres 
or sidestream smoke alone, but was significantly increased in animals that received com¬ 
bination treatments (p < 0.01), iNOS tvas not induced in the lungs by any treatment. 

To mimic fetal and childhood exposure to secondhand smoke, gestating Sprague- 
Dawley rats were exposed to mainstream smoke (29 mg/m 3 TPM; 93 ppm CO; 4.6 mg/m 3 
nicotine) for 6 h/'dav, 7 days/week, from gestational day 5 to day 20. One or two days after 
parturition, dams and pups were exposed to sidestream smoke (1 mg/m' TPM; 5.6 ppm 
CO;! 17 pg'V nicotine) until postnatal day 21. Animals were exposed either prenatally 
or postnatally or both. Adenylyl cyclase (AC) activity was evaluated under four different 
conditions in brain and heart tissues: basal AC, after isoproterenol or forskolin stimu¬ 
lation, and after forskolin stimulation followed by carbachol inhibition. In the brain, both 
prenatal and postnatal exposure were effective in upregulating AC when measured by 
forskolin response, but not wh eti measured by th e other methods. I n the heart, AC activity 
as measured by all methods was significantly elevated after prenatal exposure, postnatal 
exposure, or both. The authors concluded that postnatal exposure to sidestream smoke 
elicited changes similar to, or more severe than, those observed during prenatal exposure 
from maternal smoking (see also Section 4.3.2(iii>) (Slotkin et al., 2001). 

Male SH rats were exposed to sidestream smoke (90 mg/m 3 TPM) for 6 h/day for 2 
days (Nadadur et aL, 2002; see Section 4.1.2(tf)(i) for details). A two- to threefold 
increase was observed in expression of macrophage inflammatory protein-2, suggesting 
the potential for lung inflammation. Over-expression of matrix metalloproteinase-7 was 
also observed; this may play a role in cell migration and invasion. 

(b) Tobacco smoke carcinogen biomarkers 

Animal studies on the formation of carcinogen biornarkers following exposure to 
sidestream smoke have evaluated protein and DNA adducts, including those in lung and 
liver. These studies are summarized in Table 4.3; only the main studies are described in 
detail in the text. 

(i) Urinary compounds 

Urine samples from male and female Fischer 344 rats exposed to sidestream smoke 
for 15 min tour times'day for 5 days elicited DNA adducts in a plasmid assay in vitro 
(Takenawa et al, 1994). 

(ii) DNA adducts 

Lee et al. (1992,1993) evaluated the formation of DNA adducts in various tissues 
l following 14-day and 90-day periods of exposure to sidestream smoke. In these studies, 
p-week-old male Sprague-Dawley rats were exposed to aged and diluted sidestream 
f smoke for 6 h/day for 14 or 90 days at target exposure concentrations of 0, 0.1,1.0 and 
l M mg/m J TPM. DNA adducts were observed only in the lung and heart of animals that 
: received the highest dose. Adducts in lung were observed after 7 and 14 days and were 
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Tabic 4.3. Effects of sidestream or simulated environmental tobacco smoke on DNA adducts and other 
bioniarkers 


Species 

Strain/sex 

Biomarker 

Effect (tissue) 

Rc Icrcncc 


Rat 

S-D/* 

l)NA adducts 

Smoke-related (14-day exposure) 

+■ (lung, hcart/higli dose) 

Lee et al. (1 992) 


Rat 

S-D/M 

1 

Smoke-related (90-day exposure) 

- (lung, heart/low dose) 

+■ (lung, heart, larynx) 

Lee et al. (I 993) 

■P3 

O 

Mouse 

Parkes/M 

Smoke-related 

— (liver, bladder) 

+++ (skin, lung, bladder) 

Carmichael et at. 

o 

72 

Mouse 

C7BL/F 

Smokc-cnhanccd 

(heart, kidney) 

+ (lung); — (liver) 

(1993) 

Oairola r?/ 1 al. (1993) 

O 

CD 

Rat 

DBA/P 

F344/M&P 

Smokc-rclated 

+ (lung); — (liver) 

+ (bladder, kidney) 

Taken a wa et al. 

s 

CO 

Mouse 

BALB/c/F 

Smoke-related 

- (testis) 

+ (lung, liver, heart) 

(1994) 

Howard et al. (1998b) 

<r 
o 
r~' 

Rat 

BALB/c/F 

S-D/M 

8-H ydroxy-2'-deoxyguanosinc 

S mokc-rc 1 ated 

■+■ (lung, liver, heart) 

+ (lung, heart, bladder, trachea, bronchi) 

lzz.otti et ttl. ( I 999) 

cr 

m 

Rat 

Wi star/M 

8-lfydrnxy-2'-deoxyguanosine 

8 - H vd r ox y-2'-d co x y gu an os i n e 

0 (liver), ± (testes) 

+ (King) 

+ (lung) 

Maehira et al. (1999) 

oo 

Rat 

S-D/F 

S-D/M 

Smoke-related 

S moke-rel ated 

+-H- (lung), ++ (trachea, heart) 4- (bladder) 

■+■ (lung, trachea, heart) 

Ariff?/^/. (2000) 

Izzotti et al. (20Q 1) 


Mouse 

SKH-1 

8- H ydroxy-2 '-deoxy guanosi n c 

Smoke-related 

+ (lung) 

+ (skin), 4-4- (lung) 

De Flora et af. (2003 ) 




8-Hydroxy-2'-deoxyguanosinc 

+ (lung) 
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Table 4.3 (contd) 


Species Slrain/scx 


Ferret EUR/M&F 


Rat 

Wi star/M 

Rat 

n.g./ng. 

Rat 

S-D/M 

Rat 

S-D/M 


Biomarker 


Other biomarkers and metabolites 

7,B-dihydrodiol-9,10-epoxide 

- glutathione 

- glucuronide 

- sulfate 
total 

(-J-7R/rti»s-BoP-7,8-dihydroUiol-9,tn- 

epoxide 

L-Ascorbic acid 
Cotinine 

8- Iso-pTOSt aglandin-F 2(1 

B«-fP-7,8-diol-9,l O-epoxidc haemoglobin 


Effect (tissue) 

Reference 




2 


Sindhu et al. (1995) 

< 

O 

— (liver) (female only) 


| 

0 (liver) 



‘ 0 (liver) 


£ 

— (liver) 



O (liver) 


oo 

-4- (urine, plasma, tissues) 

4- (urine) 

4- (urine) 

+ (blood) 

Kurata et al. (1998) 
Oddoze et al. (1998) 

O 

Visioli et al. (2000) 
Izzotti et al. (200 \) 

o 


M. mate; F, female. S-D. Spragae-Davvley; +, significant increase; 0. unchanged; , 
* Sex not Stated, hut likely to be males (see Lee el al.. 1 W3) 


significant decrease; 


" g-s 


not given 


OJ 
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still present after 14 days of recovery. Adducts ia heart tissue were first seen after 14 days 
and persisted through the 14-day recovery period. Neither liver nor larynx exhibited expo¬ 
sure-related adducts at any time period or any dose. In the 90-day study, animals were 
killed at 28 and 90 days, and after a 90-day recovery period. After 28 and 90 days, a signi¬ 
ficant elevation in adducts in lung, heart and larynx was seen only in the animals exposed 
to 10 mgW TPM, and liver and bladder were unaffected by exposure at any time or ant 
dose. After a 90-day recovery period, adduct levels in all organs in which there had been 
a response to exposure decreased, but were still elevated compared to the levels in 
controls [no statistical test performed], These data establish a no-observed-eft;ct-;e\el of 
at least 1.0 mg/m 5 TPM for DNA adducts, 

Sidestream smoke condensate was applied topically on mouse skin and DNA adducts 
formed from the condensate in several organs were quantified by 32 P-postiabelling 
techniques, When compared with unexposed controls, sidestream smoke condensate was 
found to induce approximately five- to sevenfold higher levels of adducts in skin, lung and 
bladder and two- to threefold higher levels in heart and kidney (Carmichael et a!., 1993). 

Long-term studies of exposure of female C57BL and DBA mice to sidestream smoke 
were conducted by Gairola el al. (1993). DNA adducts were assayed in lung and liver 
after 65-70 consecutive weeks of exposure (average TPM intake, 5.21 and 7.05 mg/kg 
body weieht, respectively). Sidestream smoke enhanced DNA adducts in lung in both 
strains of mice; the increase was about 16-fold in C57BL mice and 8-fold in DBA mice 
(the difference between the two strains was not statistically significant. Adduct maps 
showed no qualitative difference between strains, or between treated and control mice. No 
increase in adduct levels was observed in the liver. 

Male and female Fischer 344 rats were exposed to sidestream smoke for 15 min four 
times/day for 5 days (Takenawa el al, 1994). [No monitoring of exposure was reported ] 
A significant increase in DNA adducts in bladder and kidney was seen in exposed animals 
when compared to control samples, but not in testicular tissues; this suggests that the 
DNA adducts were formed in the tissues along the urinary tract. 

Adult female BALB/c mice were exposed to a regimen of 30-mm exposures to 
sidestream smoke followed by a 90-min recovery, f or thre e consecutive cycles. The level 
of 8-OHdG adducts was increased by exposure to sidestream smoke in heart, lung and 
liver (about 1.6-fold) and remained elevated in lung and heart after the recovery period 
[limited statistical analysis was performed] (Howard et al., 1998b). 

In a study to evaluate the inhibitory effect of indole-3-carbinol on cigarette smoke- 
related formation of DNA adducts in target organs, .Arif el al. (2000) found that whole- 
body exposure of female Sprague-Dawley rats to sidestream smoke (6 h/day, 7 davs/week 
for 4 weeks; 27 mg/m 3 TPM) induced smoke-related adducts in all tissues examined, 
including (in descending order) lung, heart, trachea and bladder. The adducts were quali¬ 
tatively similar in all organs, but were present in different proportions. 

Male Sprague-Dawley rats were exposed to simulated environmental tobacco smoke 
for 6 h/day. 5 days/week for up to 5 weeks (73-93 mg/m 3 TPM; 350 ppm CO) (torn 
et al 1999.2001) The exposure continued for 1.2,3,4 or 5 weeks and rats were killed 
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rats to the sidestream smoke generated by two cigarettes every 30 min, four times/day, for 
25 days [concentrations of TPM, CO and nicotine not stated]. The excretion of L-ascorbic 
acid into urine increased steadily with duration of exposure to sidestream smoke, and 
became significantly higher than in controls after day 12. At 25 days, L-ascorbic acid in 
liver, adrenal glands, lungs and kidneys in exposed animals was higher than in controls. 

The exposure of rats to sidestream smoke produces a smoke-related oxidative stress, 
resulting in lipid peroxidation, that can be monitored by the urinary' excretion of F, iso- 
prostanes (e.g. 8-i.w-prostaglandin F 2o ), produced from arachidonic acid by free radical- 
catalysed mechanisms. Visioli et al. (2000) evaluated the antioxidant effect of olive oil on 
the excretion of S-fro-prostaglandin F 2 „. Male Sprague-Dawley rats were exposed to side- 
stream smoke for 20 min/day for 4 days (2600 ppm CO). The excretion of 8-/so-prosta- 
glandin F k increased from 237 to 319 pgfrng creatinine after 2 days of exposure, an 
increase of 44%, After four exposures, the excretion of 8-fro-prostaglandin F 2a was 55% 
higher than in control rats. Treatment with olive oil reduced the excretion to pre-exposure 
levels and to a 34% increase over pre-exposure levels, after 2 and 4 days of exposure, 
respectively. 

Oddoze et al. (1998) developed a rapid and sensitive assay for measuring urinary 
metabolites in human nonsmokers and rats. In rats exposed to sidestream smoke for 
4 days [strain and sex of rats and conditions of exposure not stated], 24-h urine samples 
were collected before the exposure began and after the last exposure. No cotinine was 
found in sham-exposed samples, but the amount of cotinine in the urine of exposed rats 
in = 5) ranged from 525 to 675 ng/mL and one sample had a cotinine concentration of 
1587 ng/mL. 

4,2 Toxic effects 

Exposure to secondhand tobacco smoke is a cause of cardiovascular and respiratory 
disease. Tire studies reviewed here add to the knowledge of the adverse effects of expo¬ 
sure to secondhand tobacco smoke on the health of adult humans. 

4.2.1 Humttns- 

(, a) Nicotine addiction 

No data on nicotine addiction resulting from involuntary exposure to tobacco smoke 
were available to the Working Group. 

(6) Cardiovascular system 

A causa! association between active smoking and coronary heart disease (CHD) is 
well established (US Department of Health and Human Services, 1983, 1990). Since 
1984, some 20 studies have examined the association between exposure to secondhand 
tobacco smoke and risk of CHD in nonsmokers. The available literature was fits' 
reviewed in 1986 in a report from the US National Research Council (US National 
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IResearch Council, 1986) and a report of the Surgeon Genera! (US DHHS, 1986). Both 
I reviews concluded that an association between exposure to secondhand tobacco smoke 
r jnd CHD was biologically plausible, but that the epidemiological evidence was incon- 
. elusive. Since then, numerous reviews and reports have become available (Wells, 1988; 
'.Wu-Williams & Samet, 1990; Glantz & Parmley, 1991; Steenland, 1992; Wells, 1994; 
J/Glanlz & Parmley, 1995; Kritze/u/., 1995;Lawe(a/., 1997; Wells, 1998; He eta/., 1999; 
I Thun el al., 1999; US National Cancer Institute, 1999). Nine of these reviews included a 
meta-analysis to calculate a pooled relative risk for CHD in relation to exposure to 
f secondhand tobacco smoke (Wells, 1988; Glantz & Parmley, 1991; Wells, 1994 ; Glantz 

6 Parmley, 1995; Krirz et al., 1995; Law eta!., 1997: Wells, 1998; He etui., 1999; Thun 
'et a!., 1999). 

(i) Epidemiological studies 

The results of three recent meta-analyses (Law et al., 1997; He et a!., 1999; Thun 
efal., 1999) arc summarized in Tables 4.4 and 4.5. 

Law et al. (1997) carried out five sets of meta-analyses using published data 
(Table 4.4). In the first analysis, which included 19 studies of exposure to secondhand 
tobacco smoke and ischaemic heart disease (1HD), it was estimated that never-smokers 
ving with a smoker have a 30% increased risk of 1HD. In the second analysis, which 
included five large cohorts of men, it was estimated that the risk for CHD in nonsmokers 
living with a smoker was similar to the excess risk from smoking one cigarette per day. 
The third analysis, which included three cohorts, estimated that almost all the excess risk 
reversed after cessation of smoking; the residual excess risk was 6%. The fourth analysis 
was conducted on 18 studies to estimate the potential effect of confounding attributable 
differences in diet between passive smokers and nonsmokers. People exposed to 
'secondhand smoke were more likely than nonsmokers not exposed to tobacco smoke to 
consume diets with few vegetables and fruits and were less likely to take antioxidant 
vitamin supplements. However, clinical trials have indicated that taking (karotene and 
vitamin E supplements does not reduce the risk for CHD in persons with no history of 
myocardial infarction (Alpha-Tocopherol () Carotene Cancer Prevention Study Group, 
1994; Hennckcns et al., 1996). It was estimated that nonsmokers living with smokers eat 
a diet that gives them a 6% increased risk for IHD. The relative risk of exposure to 
secondhand smoke for ischaemic heart disease adjusted for diet was 1.2 (95% Cl, 
Ll-1.3). In the fifth analysis, which was based on eight studies, the increase in risk for 
IHD attributable to secondhand tobacco smoke-related platelet aggregation was esti¬ 
mated. It was concluded that the increase in experimentally produced platelet aggregation 
.caused by exposure to secondhand tobacco smoke would be expected to have acute 
[effects increasing the risk for IHD by 34%. 

7 In the meta-analysis conducted by He et al. (1999), passive smoking was consistently 
associated with an increased relative risk for CHD. This association was observed in 
Cohort studies, in case-control studies, in men, in women and in those exposed to 
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smoking at home or in the workplace. Positive dose-response relationships for intensity 
and duration of exposure were observed (Table 4.5). 

Thun el al (1999) found that never-smokers married to smokers had an increased 
relative risk for fatal or non-fatal coronary events when compared with never-smokers 
married to nonsmokers. Tire increase in relative risk was similar in men and women in 
cohort and case-control studies, in the USA and other countries and in studies of fatal and 
non-fatal coronary events (Table 4.5). 

(ii) Other human data 

Sev eral mechanisms may increase the risk of CHD in nonsmokers exposed to second¬ 
hand tobacco smoke (US DHHS. 1990; Wells, 1994; He etai., 1999). The acute effects ui 
passive smoking include alterations in heart rate (Pope a al., 2001), blood pressure, 
concentrations of carboxyhaemoglobin and carbon monoxide in the blood, in the blood's 
ability to use oxygen in the formation of adenosine triphosphate (ATP), and reduced 
exercise capability in people breathing secondhand smoke (Glantz & Parmley, 1995). An 
increase in the ratio of serum total cholesterol to high-density lipoprotein cholesterol 
(HDL-C), a decrease in the serum level of HDL-C (Feldman el al., 1991), an increase in 
platelet aggregation (Davis el al, 1989) and endothelial cell dysfunction (Otsuka el al. 
2001) have also been described. Exposure to secondhand tobacco smoke may also contri¬ 
bute to atherosclerosis by priming and sensitizing neutrophils, resulting in their activation 
and subsequent oxidant-mediaied (issue damage (Anderson el al. 1991). 

(d Respiralon system 

The relationship between exposure 10 secondhand tobacco smoke and a variety of 
non-malignant respiratory health endpoints has been examined extensively in epidemio¬ 
logical and experimental studies. When this topic was first raised in the 1972 Report of 
the Surgeon General (US DHHS, 1972), the handful of studies that had addressed this 
issue liad provided only limited information. 

Since then, several reviews of the literature on secondhand tobacco smoke have 
addressed some aspects of the effects of secondhand tobacco smoke on the risk for non¬ 
neoplastic respiratory diseases in adults (Weiss et al., 1983; US DHHS, 1984,1986; l ? S 
National Research Council, 1986; Crawford, 1988: Eriksen el a!., 1988; Spitzer ei al- 
1990; Tredaniel ef al., 1994: Jinol & Bayard, 1996; California Environmenial Prolection 
Agency, 1997: Cotiltas, 1998: Weiss el al.. 1999: US National Academy of Sciences. 
2000 ).’ 

A variety of adverse respiratory health outcomes in children have been causally linked 
to exposure to secondhand tobacco smoke or there is suggestive evidence of a causal 
association (see Table 4.6). Fora detailed discussion of the relevant studies, the reader is 
referred to the recent reviews of the California Environmental Protection Agency (1997) 
and the US National Academy of Sciences (2000). 

In adults, irritation of the eyes and nasal irritation have been causally associated with 
exposure to secondhand tobacco smoke and other annoyance has been described in 
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Table 4.6. Respiratory effects associated with exposure to secondhand 
tobacco smoke in children 


Effects causally associated with exposure 
to secondhand tobacco smoke 

Effects for which there is suggestive evidence 
of a causa! association with exposure to 
secondhand tobacco smoke 

.Acute infections of the lower respiratory 
tract (e.g. bronchitis and pneumonia) 
Induction ar.d exacerbation ofastbma 
Chronic respiratory symptoms 

Middle-car infections 

Exacerbation of cystic fibrosis 

Decreased pulmonary function 


Modified from California Environmental Protection Agency (1997) 


several studies (US DHHS, 1999). For decreased pulmonary function, especially in 
j» combination with other exposures (e.g. prior exposure to occupational irritants) and for 
si exacerbation of asthma, there is suggestive evidence of a causal association (California 
1' Environmental Protection Agency, 1997; US National Academy of Sciences, 2000). Some 
I ul the studies on exposure to secondhand tobacco smoke and respiratory health effects are 
i briefly summarized below; for more comprehensive details, the reader is referred to some 
f recent reviews (California Environmental Protection Agency, 1999; US National Aca- 
demv of Sciences, 2000). 

(i) Acute effects of sensory- irritation and annoyance 
The determination of the acute effects of secondhand tobacco smoke is difficult, 
because the observed reactions, although immediate, are largely subjective (Speer, 196S). 
Areview of die irritation and annoyance attributable to exposure to secondhand tobacco 
smoke was published by the California Environmental Protection Agency (1997). Tire 
chemical constituents of secondhand tobacco smoke thought to be responsible for sensory 
irritation include organic acids (acetic acid and propionic acid), aldehydes (formaldehyde 
and acrolein), nicotine, ammonia, pyridine, toluene, sulfur dioxide and nitrogen oxides, 
among others (Ayer & Yeager, 1982; Triebig era/., 1984; US DHHS. 1986), 

Nonsmokers seem to react significantly more than smokers (Weber. 1984a). The must 
|- common effect is tissue irritation, especially of the eyes (Speer, 1968; Basu et al., 1978; 
? Shephard et al., 1979a; Bascom et al, 1991; White el al. 1991), but also of the nose, 
L throat and airways (Bascom el a!., 1991; Wllles et al. 1992.1998). The complaints are 
‘ I especially marked among aircraft passengers (US National Institute for Occupational 
| Safety and Health, 1971; US National Academy of Sciences, 1986; Mattson et al. 1989). 
i Weber and co-workers (Weber et al., 1976; Weber, 1984b: Weber & Grosjean, 1987) 
l ! and Muramatsu et al. (1983) conducted experiments in which volunteers were exposed to 
. progressively increasing concentrations of secondhand tobacco smoke; as duration and 
l intensity of exposure increased, subjects began to report subjective eye irritation, and 
l blink rate also increased. 
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Lebovvitz a al. (1992) found an increased prevalence of acute respiratory svinnuvK- 
as levels of mdnor secondhand tobacco smoke increased, especially in tfie householric ■ 
subjects with lower socioeconomic status. S 0! 


(ii) Chronic respiratory symptoms 

In an early study, 25% of 10 320 nonsmoking office workers reported exacerbation 
pre-existing pulmonary conditions w hen working with a smoker (Barai 19?9). 

Other studies have shown no association for a weak and statistically non-smife- 
association) between the frequency of major respirator symptoms and exposure!' 
secondhand tobacco smoke from family members or spouse (Lebowilz & Burrows t g-, 
ichiihng etal \911: Comstock elaL 1981; Kauffmann etal, 1983; Gillisef a/ IQxj 
H ole et ai, 1989; Kauffmann el al., 1989). ' ' 

Since 1990, however, several investigations have demonstrated a significant increase 
in risk for many respiratory symptoms (including cough, phlegm, breathlessness, wheeze, 
chest illness and dyspnoea) in subjects exposed to secondhand smoke at home and/or ai 
work (Schwartz & Zcget, 1990; White el al, 1991; Ng et al, 1993; Leuenberger el ai 
1994; Janson e/a/., 2001). = 


(iii) Lung function testing 

A number of studies have been published that have examined the effects of second¬ 
hand tobacco smoke on pulmonary function in adults. These investigations were often 
initiated within the framework of research projects not primarily concerned with 
secondhand tobacco smoke; as a result, certain limitations apply retarding the validity p: 
some of the findings, because of the low sensitivity and low pweruf these studies.' 

Acute exposure 

Many studies have shown that exposure of nonsmoking adults to secondhand tobacco 
smoke is associated with a decrease in maximum expiratory flow at 25%>{MEF25). FVC. 
FEY| and FEF25-75 and a decrease in dynamic lung volume (Pimm et al.. 1978; 
Shephard et al. I979a.b,c; Bascom el al., 1991; Smith etal.. 20U1), 

Chronic exposure 

A number of studies failed to detect any association between exposure to secondhand 
tobacco smoke and ventilatory parameters of lung function (Schilling « ai., 1977; 
Comstock et al., 1981; Jones et al, 1983; Lebowitz. 1984a.b: Kentner et al. 1984: 
Laurent etal, 1992, Jaakkola etal., 1995; Frette el ai, 1996). 

Other investigators have reported an association between exposure to secondhand 
tobacco smoke and pulmonary function determined using different test parameters. In 
numerous studies, FEVj and/or FVC were reported to be significantly decreased 
(Brunekreef et «/., 1985; Svendsen et al, 1987; Hole el al, 1989; Kauffmann et ai, 1989; 
Masjedi etal, 1990, Xu & Li, 1995; Carey et al, 1999; Chen et al, 2001). Other studies 
reported a significant decrease in the ventilatory parameters FEF25—75, PEF or FEF75-85 
(Kauffmann k Perdrizet. 1981; Kauffmann el al, 1983; Salem et al. ’ 1984; Masi et oL 
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j,. : chronic obstructive pulmonary disease 

7 Few studies have examined the ! ^ (COPD). With 

B bacco smoke and ° a negative association (Hirayama. 1981; Lee 

exception of mo siudies P 7 popp j nc ] u( |j ne emphysema and 

If asthma (Cockcroft, 1988). that patients with allergies 

| S y m P ,omSanJlunS ^Z^Z\ symptoms, headache, cough, wheezing, sore 
asthma experienced m jrritat ion (Weber & Fisher, 1980), aggravatton of the 
fcrijat, hoarseness (Speer, 1968), eye . tristro et d„ 1994) in response to 

Pihma(Dales etal., 1992) and restrictions.in significimt association 

secondhand smoke, Other studies have J db hvsic i anor current asthma 

between the new onset of asthma, ^thmae- ■ Greer f , flL ml in the 

sthmatic subjects exposed ft d a stat i stlca Lly significant 

ecrease in FE\„ F\C and sccondhan d tobacco smoke from the spouse 
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ships between controlled exposure 0 advantage of this methodoloav over epide- 
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cularly when they occur in conjunction with lower respiratory' symptoms such as chest 
lightness, dyspnoea and cough (Dahms et al ., 1981; Knight & Breslia, 1985: Stankus 
el al, 1988; Menon el al., 1991,1992; Nowak et al. 1997). However, these results were 
not confirmed by Magnussen and colleagues (Jorres & Magnusscn, 1992: Masnussen 
et al, 1992) who exposed adults with mild and moderate asthma to secondhand tobacco 
smoke for a short period (1 h) and then conducted a bronchoprovocation test with 
methacholine. 

Suggestion can induce an attack of asthma (Spector et a'.. 1976). Most of the abine- 
meniioned studies were unable to exclude the possibility that the changes reported in 
asthmatic subjects were emotionally related to cigarette smoke which might resn:: a 
psychological suggestion being the cause of the observed symptoms, such as changes in 
lung function and others (Witorsch. 1992). Ureh et al. (1988) argued that, If physiological 
responses were dominant, changes in pulmonary function should show a dose-response 
relationship to secondhand tobacco smoke, whereas, if psychological reactions were 
dominant, correlations between functional changes and specific measures of suggestibility 
would be expected. Sixteen nonsmoking asthmatic subjects were exposed to high or low 
concentrations of secondhand tobacco smoke or to ambient air for 65 min. Cigarette 
smoke was generated by a machine located outside the exposure chamber, but visible to 
the subjects; during sham-exposure, the smoke from the cigarettes was diverted ffom the 
study chamber. Subjects with asthma showed significant dose-response relationships fir 
MFJ50 at 5 min. and for FVC and FEVj at 30 min of exposure; these results support a 
physiological rather than psychological explanation of the findings, in the study h 
Danuser et al. (19931. the subjects wore noseclips and were exposed to secondhno 
tobacco smoke administered by a mouthpiece, thus blinding them io die diiTeicnees ir. the 
concentrations of secondhand tobacco smoke delivered. In these conditions subjective 
airway symptoms were weak, but most of the symptomatic responses of the subjects with 
airway hyperresponsiveness appeared to be dose-related. 
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4.2.2 Experimental systems 

Studies in which experimental animals were exposed to sidestream smoke alone nr to 
simulated environmental tobacco smoke were reviewed, and the results of studies on adult 
animals are summarized in Tables 4.7 and 4.8 (see also Witschi et al.. 1997c) (see 
Section 3.1 for definitions). 

(a) Exposure of adult animals 

(i) Effects on the respiratory tract 

Rats and hamsters were exposed to sidestream smoke (4 mg/m 3 TPM; 25-30 ppm 
CO) for 10 h'day, 5 days/week for 90 days. Hyperplasia and metaplasia in the epithelium 
of the dorsal nasal turbinates were the only changes seen in the rats. The changes partially 
receded afier 30 days and had completely reversed 60 days after exposure. No signs of 
toxicity were observed in the hamster respiratory tract (Von Meyerinck et al.. 1989). 
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- Rats were exposed, nose-only, for 6 h/dav for 4, 14,28 or 90 days to sidestream 
2 , smoke at concentrations of 0.1, 1 or 10 mg/m ; ' TPM. The only pathological response 

observed was slight to mild epithelial hyperplasia and chronic active inflammation in the 
I most rostral part of the nasal cavity', in the group exposed to the high dose (10 mg/m 5 
TPM). No time-dependent increase in the severity of the lesions was observed. After a 14- 
day recovery period, the changes had completely reversed (Coggins el al.. 1992.1993). 

Male A/J and C57BIZ6 mice were exposed for 6 h/day for up to 5 days to aged and 
diluted sidestream smoke (1 mg/m 3 TPM: 5.9 ppm CO: 549 pg/in 3 nicotine). Labelling 
indices in the epithelium of the large intrapulmonary airways and terminal bronchioles, 

- but not in the alveoli, were significantly increased after 3 and 5 days of exposure in A/J 
mice. No signs of increased cell proliferation in the respiratory tract were seen in 

- C57BL/6 mice (Rajini & Witschi, 1994). 

| Hamsters were exposed to aged and diluted sidestream smoke containing 1 mg/m- 5 
£ TPM for 6 h/day for 1 -3 weeks, after which some subgroups were allowed a 1 -week rcco- 
* very period. Increased cell proliferation was observed in the respiratory epithelium of 
% nasal septum after 1 week of exposure, but not at later time points. After 1 week of expo- 
I* njre and 1 week of recovery, cell proliferation in the terminal bronchioles was signifi- 

- cantly increased when compared to concomitant controls and to the levels observed 
before recovery' (Witschi & Rajini, 1994). 

A similar initial increase in cell proliferation was seen in alveoli and terminal bron¬ 
chioles in male A/.l mice during the first 2 weeks of exposure to simulated environmental 
tobacco smoke (83.5 mg/m 3 TPM; 233 ppm CO; 18.9 mg/m 3 nicotine) (Witschi ci al., 
, 1997a). 

Wistar rats were exposed for 90 min/day, 5 days/week, for 3 months to sidestream 
smoke containing 35 ppm CO. Emphysematous changes (decreased number of distal air- 
/ spaces and increase in alveolar chord) were observed in the lungs. These changes were 
accompanied by decreases in tissue density', internal alveolar perimeter, wall thickness 
and density and perimeter of elastic fibres (Escolar et al.. 1995). 

Exposure of female rats to sidestream smoke (1 mg/m- 5 TPM; 6.5 ppm CO) either on 
1 day for 3 h or for 6 h/day on 4 days had no effect on dynamic compliance, lung rests- 
? tance, lung weight/body weight, pulmonary artery pressure, or airway reactivity' to tnetha- 
choline (all p > 0.4) (Joad el al.. 1993). 

„ (ii) Cardiovascular effects 

Cardiovascular changes resulting from exposure to sidestream smoke have been 
demonstrated in several animal models. 

Male New Zealand rabbits, fed a cholesterol-rich diet, were exposed to low-dose or 
high-dose sidestream smoke (4 and 33 mg/m 3 TPM, respectively) for 6 h/day, 5 days/ 
week for 10 weeks, A dose-dependent significant increase in the size of arteriosclerotic 
plaques was found in the aorta and the pulmonary artery when compared w ith control 
’ rabbits receiving the same diet but exposed to clean air (Zhu el al ., 1993), 
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Sprague-Dawlev rats were exposed to sidestream smoke (60 mg/m 3 TPM; 92 p pm 
CO; ] lO.i (Jg/m 5 nicotine) 6 h/day. 5 days/week for 3 days, 3 weeks or 6 weeks. Infaru 
sizes increased in a time-dependent manner (p = 0.023) (Zhu et al, ] 994). 

Exposure of 6-week old cockerels for 6 h/day, 5 days/week to sidestream smoke con¬ 
taining 8 mg/m 3 TPM (Penn & Snyder. 1993) or 2.5 mg ; m 3 TPM (Penn et al. 1994 ) 
resulted in a significant increase in the size of arteriosclerotic plaques in the aorta. 

Roberts et al (1996) developed a model to measure the rate of accumulation of low- 
density lipoproteins (LDL1 in rat carotid arteries. First, rats were exposed to simulated 
environmental tobacco smoke for4 h (3.3 mg/m 5 TPM: 18 ppm CO: 615 pg'm-’ nicotine- 
to obtain simulated tobacco smoke-plasma). Second, carotid arteries from unexposed ran 
were perfused with control plasma containing fluorescent!)' labelled LDL and subsequently 
with tobacco smoke-plasma containing fluorescentlv labelled LDL. Photometric 
measurements were made during perfusion with labelled LDL. Perfusion with tobacco 
smoke-plasma increased the rate of LDL accumulation measured as fluorescence intensin 
(6.9 ± 1.8 mV/min (mean i SCM)) when compared with control animals (1.6 + 0.40 mV/ 
min. p < 0.01). The maximal increase was observed after 40-60 mm perfusion. LDL 
accumulation was primarily dependent on the interaction of tobacco smoke-plasma with 
LDL, which occurred before perfusion, rather than interaction with the artery wall. It was 
also noted that LDL accumulation resulted from its increased binding to artery wall rather 
than an increase in its permeability. Perfusion with tobacco smoke-plasma increased the 
lumen volume measured as fluorescence intensity' (43.3 + 5.1 mV versus 35.1 i 4.4 mV 
/: < 0.(15) in treated ami untreated animals, respeethe!y. 

Rabbits receiving a 0.5°c- cholesterol diet and exposed for 6 h/day. 5 days week for If 1 
weeks, to sidestream smoke (24 mg/nf TPM; 45 ppm CO) were compared with control 
animals. There was no difference in serum lipids between cholesterol fed and control ani¬ 
mals. Exposure to sidestream smoke significantly increased the percentage of surface 
lipid lesions in the aorta (54 + 5% versus 39 i 4%; p = 0.049) and in the pulmonary artery 
(66 ± 4% versus 43 ± 3%: p < 0.001). Exposure to nicotine-free cigarettes (35 mcW 
TPM: 53 ppm CO) had the same effects as standard cigarettes. Vascular tension was 
measured in intact aortic rings. Endothelium-dependent and endothelium-independent 
relaxation were measured with acetylcTfoTihe and the calcium ionophore A231S7. and 
nitroglycerin, respectively. There were no significant differences with any treatment 
between exposed and control animals (Sun et al., 2001). 

Female ApoE-deficient mice, which arc used as a mouse model of human athero¬ 
sclerosis, were exposed to sidestream smoke (25 mg/m 3 TPM) 6 h/day, 5 days/week tor 
7,10 and 14 weeks. There were no consistent differences in serum concentrations of cho¬ 
lesterol between control mice and those exposed to sidestream smoke. In exposed mice, 
atherosclerotic lesions in the aorta covered a larger part of the intimal area at all time 
points than in non exposed mice. Also the total affected area increased at a higher rate 
than in controls. The increase was most evident in the thoracic region. Lesions appeared 
thicker, as reflected by increased amounts of esterilled and unesteritied cholesterol in the 
aortic tissues of mice exposed to sidestream smoke (Gairola et al. , 2001). 



(iii) Immunological effects 

BALB/c mice, sensitized with aluminium hydroxide-precipitated ovalbumin 
(OVA/AL) antigen, were exposed for 6 h/day, 5 days/week to simulated environmental 
tobacco smoke (I mg/m 3 TPM,- 6.1 ppm CO; 269 pg/m 3 nicotine), from days 15 to 58 
after sensitization. Sensitized mice, with or without smoke exposure, had elev ated levels 
of laE. Exposure to simulated environmental tobacco smoke enhanced and prolonged the 
IgE response in sensitized mice, and the levels were significantly increased at al! time 
points at which measurements were made (day 19 to day 58); the concentrations of OVA- 
specific ItiGI were elevated in the smoke-exposed group from days 34 to 54, For both TgE 
and IgGl the increase was strongest at 54 days. The numbers of eosinophils were 
increased in the blood and lungs of smoke-exposed, pre-sens itized mice. The total number 
of bronchoalveolar lavage cells was increased (p = 0.016); about 90% of the increase was 
due to alveolar macrophages. The concentrations of cytokines 1L-4 and IL-10 were signi¬ 
ficantly higher in the smoke-exposed group than in the control animals. The demons¬ 
tration of an exaggerated inflammatory response in sensitized mice may have relevance 
to the early events in carcinogenesis where an inflammatory response often precedes mild 
hyperplasia (Seymour et al., 1997). 

(iv) Effects on gastric ulceration 

A smoke chamber was designed to investigate the effects of exposure to secondhand 
smoke on gastric ulceration. Different concentrations of cigarette smoke (0%. 1%, 2% 
and 4M were perfused during one hour into a chamber in which male Sprague-Dawlev 
rats were placed. This exposure potentiated ethanol (70% v/v. oral administralion)- 
induced easuic mucosal carnage and increased serum nicotine concentrations, but did not 
affect the pH, pCO- : or p0 2 and the concentration of HC0 3 in blood, or the systemic blood 
pressure and heart rate. Under these experimental conditions, exposure to cigarette smoke 
produced no significant changes in the blood acid/base balance or stress in the animals, 
but significantly potentiated ethanol-induced gastric mucosal damage. This experimental 
model is suitable for studying adverse interactions between passive smoking and alcohol 
drinking in gastric ulcer formation in rats (Chow et al., 1996). 

(b) Effects of perinatal exposure 

(i) Effects on lung development and lung function 

Exposure of Sprague-Daxvley rats to aged and diluted sidestream smoke from birth 
(1 mg/m 3 TPM; 6 b/day, 5 days/week) significantly reduced the labelling index of epi¬ 
thelial cells in distal airways at 7 and 14 days of age, but not at later times or in proximal 
bronchi (Ji et al., 1994). 

Gestating Sprague-Dawlev rats were exposed to aged and diluted sidestream smoke 
(1 mg/m 3 TPM, 4.9 ppm CO) from gestational day 5 until gestational day 14. 18 or 21. 
Maternal exposure to sidestream smoke significantly increased fetal expression of Clara 
ceil secretory protein and mivNA iii the terminal bronchioles at gestational day 21, but not 
at gestational day 14 or 18 (Ji eta!., 1998). 
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A series of studies was designed to determine the effects of perinatal exposure t 0 s id e - 
stream smoke on airway reactivity in Spmguc-Dawlcy rats. Female rats were exposed 
6 h/day, 5 days/week from day 2 of life to week 8 or week 15 of age (1 mg/m 3 TPM' 
6.5 ppm CO). Exposure to sidestream smoke did not change the ratio of lung weight/bodv 
weight or the baseline values for lung resistance, dynamic compliance or pulmonan 
artery pressure. Airway reactivity to methacholine was also unaffected at either time-point 
( a, l P > °- 2 )- In animals exposed from day 2 of fife to week 1! of age, sidestream smoke 
reduced airway (p = 0.004), but not pulmonary artery' ip = 0.63) reactivity to serotonin 
(.load el al.. 1093). In a further study Joad el al. (1999) exposed rats to aged and diluted 
sidestream smoke (1 mg/nri TPM: 6,9 ppm CO) for 4- 6 h-day from gestational dav 3 until 
21 days of age. The airway responsiveness of one female pup from each liner was 
assessed at 8 weeks of age. Perinatal exposure to sidestream smoke did not affect baseline 
lung function, but enhanced methacholine-induced changes in lung resistance (three-fold 
increase; p = 0.02), dynamic compliance (p = 0.004), and pulmonarv' pressure (p ~ 0.007). 
These changes occurred in the absence of any increase in pulmonary neuroendocrine 
cells, neuroepithelial bodies or mast cells. In another study, rats were exposed prenatally 
and/or postnataliy to sidestream smoke (I mg/m 3 TPM; 4.9 ppm CO; 344 pg/m 3 nicotine) 
for 4 h/day, 7 days/week from gestational day 3 until 7-10 weeks of age. Pulmonary 
pressure was not affected by any type of exposure. Prenatal or postnatal exposure alone 
did not affect baseline values or metacholine-induced changes in lung responsiveness 
Prenatal followed by postnatal exposure to sidestream smoke reduced dvnamic lure 
compliance at baseline Ip ~ 0.0006} and increased lung responsiveness to methacholine 
(l> - 0.0901), This reaction w as accompanied by an increase in the number of neuro¬ 
endocrine cells and neuroepithelial bodies (Joad el al., 1995a). 

Male guinea-pigs were exposed 6 h/day, 5 days/week from age 8 days to age 37M8 
days (1 mg/® TPM; 5.6 ppm CO; 586 pg/m 1 nicotine). Exposure to sidestream smuke 
did not change lung morphology, collagen or elastin deposition, lung volume, surface area 
or mean linear intercept length of alveolar airspace. Baseline dynamic lung compliance 
(p- 0.05), but not lung resistance (p = 0.61) w'as increased by exposure to sidestream 
smoke (see also Section 4.2.2(/))(iiij) (.load ei al, 1995b). 

(ii) Cardiovascular effects 

Sprague-Davvley rats were exposed to filtered air or sidestream smoke (33 mg'in' 
TPM: 60 ppm CO) for 6 h/day. 5 days/week, for 3 weeks before birth and/or for 12 weeks 
in the neonatal to adolescent period, Exposure to sidestream smoke postnataliy increased 
cndothelin-1 levels in plasma (p = 0.001) independently of in-utero exposure. Infarct size 
(infarct mass/risk area x 100) was greater in all animals exposed postnataliy than in 
unexposed controls (p = 0.005), and was greater in males than in females (p < 0.001) (Zhu 
el al., 1997). 

In rats exposed under the same conditions, aortic rings were excised and isometric 
force responses to phenylephrine, acetylcholine, the calcium ionophore A23187 and nitro¬ 
glycerin were studied in organ baths. In-utero exposure to sidestream smoke increased the 


sensitivity of aortic rings to phenylephrine (p < 0.0005) and reduced the half-maximal 
contraction (EC J0 ; p = 0.04). It reduced the maximal endothelium-dependent relaxation 
response to acetylcholine ip = 0.04) and increased its half-maximal contraction value 
(p = 0.05). Finally, in-utero exposure decreased the sensitivity to the endothelium-inde¬ 
pendent vasodilator nitroglycerin (p = 0.003). The sensitivity of aortic rings to phenyl¬ 
ephrine was reduced after neonatal exposure (p = 0.01) (Hutchison el al., 1998). 

(iii) Neurological effects 

Female Sprague-Davvley rats were exposed to filtered air or sidestream smoke for 
4 h/day * days week from day 3 of gestation until birth and/or for 9 weeks postnataliy 
(1 mg/nf' TPM; 4.9 ppm CO: 344 pg/m- nicotine). Postnatal exposure to sidestream 
smoke increased the mortality of the pups during the first 18 days of life ip < 0.001) and 
significantly reduced body weights at 9 weeks of age ip = 0.016). In-utero exposure had 
no effect on DNA, protein, or cholesterol concentration or on the weight of forebrain or 
hindbrain. Postnatal exposure reduced DNA concentration in the hindbrain, an indicator 
of cellular density by 4.4% ip < 0.001) and increased the hindbrain protein/DNA ratio, 
an index of cell size, by 8.4% ip = 0.001). The weight of the hindbrain wns not affected 
by exposure to sidestream smoke (Gospe el al. , 1996). 

Rhesus monkeys were exposed to aged and diluted sidestream smoke (1 mg/m 3 TPM; 
5.3 ppm CO: 190 (ig/m 3 nicotine) from gestational day 100 until 70-80 days after birth. 
Expression of beta-adrenergic anc m2-muscarinic cholinergic receptors in heart and lungs 
of the offspring were not changed by exposure to smoke. Whereas there were no changes 
in the heart, a strong induction of adenylvl cyclase was observed in the lungs (Slotkin 

elal„ 20001 . 

To mimic fetal and childhood exposure to secondhand smoke, gestatmg Sprague- 
Dawley rats were exposed to mainstream smoke (29 mg/m 3 TPM; 94 ppm CO; 
4600 pg/m 1 nicotine) for 6 h/day, 7 days/week from gestational days 5 to 20. One to two 
days after delivery, dams and pups were exposed to sidestream smoke (1 mg/m 3 TPM; 
5,6 ppm CO; 117 pg/m 5 nicotine) until postnatal day 21. Animals were exposed either 
prenatally, postnataliy, or both. Prenatal and/or postnatal exposure significantly increased 
total adenylyl cyclase activity in brain and heart when monitored with the direct enzy¬ 
matic stimulant forskolin (see Section 4.1,2(u)(iii) for details). In the brain, the specific 
coupling of beta-adrenergic receptors to adenylyl cyclase was inhibited in all exposed 
animals, despite normal expression of beta-receptors. In the heart, a decrease in m2 
receptor expression was observed after postnatal or continuous exposure, but no 
inhibition of beta-adrenergic receptors was seen. In both tissues, and for all parameters, 
the effects of combined prenatal and postnatal exposure were equivalent to those seen in 
response to postnatal exposure alone (Slotkin el al., 2001). 

In a series of studies, guinea-pigs were exposed to sidestream smoke (1 mg/m 3 TPM; 
6.2 ppm CO: 224 jig/m 5 nicotine) for 6 h/day, 5 davs/week from age 1 to 6 weeks (age 
equivalent of human childhood). Sidestream smoke reduced capsaicin-induced changes in 
lung resistance ip = 0 02) and lung dynamic compliance ip = 0.04), indicating a down- 
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regulation of the lung C-fibre reflex response (load et al, 1995b). Primary broncho¬ 
pulmonary C-fibres were tested for their responsiveness to chemical and mechanical 
stimuli. Exposure to sidestream smoke had no effect on baseline activity of C-fibres bu- 
augmented the responsiveness to left atrial injection of capsaicin (p - (1.047) and to lunr 
hyperinflation [p = 0.03) (Mutoh eial. 1999). A study on the impulse activity of bronchi 
pulmonatv C-fibre-activated nucleus tractus solitarii neurons showed that exposure m 
sidestream smoke significantly augmented the peak (p = 0,02) and duration [p = 0 .( 1 ] | cl 
the neuronal response lo C-flbre activation, and prolonged the expiratory- time (apnoeai 
{p = 0.003), at the higher dose of capsaicin (2.0 Ltg-'kg). Exposure to sidestream smoke did 
not alter baseline values or capsaicin-induced changes in trachea] pressure, arterial bkw 
pressure or heart rate (Mutoh et al, 2000), A recent study presented data to suggest that 
actions of the neuropeptide substance P in the nucleus tractus solitarius may contribute to 
these effects (Bonham etaL, 2001). 

In summary; exposure of experimental animals to sidestream smoke can produce 
changes that are similar to those observed in response to exposure of humans to second¬ 
hand tobacco smoke, such as inflammatory changes in the airways and accelerated forma¬ 
tion of arteriosclerotic plaques. The results obtained from studies of perinatal exposure 
may provide a potential mechanism to explain the association between exposure to 
secondhand smoke and sudden infant death syndrome. 

4.3 Reproductive, developmental and hormonal effects 

4.3.1 Humans 

(a) Reproductive effects 

There are inherent ambiguities in the interpretation of data on reproductive effects: if 
involuntary smoking in women is defined in terms of household exposure to secondhand 
smoke, reproductive effects could be due either to the exposure to secondhand smoke of 
the female or to a direct effect of active smoking on the fertility of the male partner, in 
most of the published studies, the effects of secondhand smoke have been estimated or, 
the basis ot paternal smoking. A possible direct effect of smoking oil the father's sperm 
cannot be ruled out when the lather has been the source of exposure to secondhand smoke 
{Lindbohm et a!., 2002). 

li) Fertility andfecvmlabiiity 

The available data regarding the effects of passive smoking by women on fertility and 
fecundity are conflicting (US DHHS, 2001): some studies have reported an increased risk 
of delayed conception (Hull el a!., 2000), whereas others hav e found no association |US 
DHHS. 2001). The results of investigations of the association between passive smoking 
during the prenatal period or childhood and later fertility have also been inconsistent: in 
some studies such exposure has been associated with reduced fecundability (in the ease o! 
prenatal exposure) or an increased fecundability (in the case of childhood exposure!. 


whereas others have reported no association (Weinberg et al. 1989; Wilcox et ai. 1989; 
; Jensen et al 1998; US DHHS, 2001; Lindbohm et al., 2002), These investigations are 
particularly hampered by potential exposure measurement error, confounding factors and 
other biases. 

(ii) Pregnancy outcomes 

Tiie data regarding the association between maternal exposure to secondhand smoke 
and preterm birth are not entirely consistent, hut in aggregate they suggest a modestly 
increased risk associated with high exposure (Lindbohm et al., 2002). 

(in) Birth outcomes 

The adverse effect of cigarette smoking on birth weight is well-established: on 
& average, women who smoke cigarettes deliver term infants that weigh about 150-250 g 
r less than those of nonsmokers (Andres & Day, 2000; US DHHS, 2001). When expressed 

relative risks, mothers who smoke have more than a doubled risk for having low-birth- 
| weight babies (US DHHS, 2001). There is a similar association between maternal 
| smoking and delivery of small-for-gestaliunal-age infants (US DHHS, 2001). The asso- 

* ciation is characterized by a dose-response relationship that persists after adjustment lor 
[ possible confounding factors, and seems to be more pronounced for older mothers 
s (US DHHS. 2001). 

Numerous studies have also investigated the association between fetal growth and 
maternal passive smoking (US DHHS. 2001). On average the birth w eight of infants bom 
to nonsmokine mothers exposed to secondhand smoke after adjustment for important 
potential conlbuiiders seems to be about 25 50 g lower than that ot babies born to 
mothers who were not exposed (California EPA. 1997; Windham et ai. 1999a; US 
; . DHHS, 2001; Lindbohm et ai. 2002). However, some studies have not found such an 
adverse effect (Sadler et al, 1999; US DHHS. 2001). 

There has been little investigation of the association between maternal exposure to 
secondhand smoke and spontaneous abortion or stillbirth. The available data are incon¬ 
sistent, although some studies have shown effects as large as those seen in investigations 
of the effects of active smoking (Windham et al., 1999b; US DHHS, 2001, Lindbohm 
etal, 2002). 

The association between maternal smoking during pregnancy and the risk iff birth 
) defects has been extensively investigated (US DHHS, 2001). When the focus is on major 
defects as a single end-point, generally no association has been found. When separate 
l classes of malformations are considered indiv idually, there are indications that maternal 

• smoking during pregnancy is associated with oral clefts, limb reductions, and perhaps 
malformations of the urinary tract (US DHHS, 2001). 

(ii) Body weight 

In contrast to the extensive and consistent literature describing the effects of active 
smoking on body weight, findings on the effects of passive smoking on weight are sparse. 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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The available data suggest that women exposed to secondhand smoke weigh more than 
women who are not exposed. However, this association may be confounded by a more 
sedentary and less healthy lifestyle being adopted by nonsmokers exposed to secondhand 
smuke (Cress et al., 1994: Thornton el al., 1994; Bernstein, 1996). 

(c) Hormones 

No data regarding involuntary exposure to tobacco smoke and levels of estrogens, 
androgens or vitamin D were available to the Working Group. In one study cord blood 
from mothers who smoke seemed to contain higher concentrations of insulin-like growth 
factor 1 (IGF-1) than specimens obtained from nonsmoking mothers (Beratis etal, 1994). 
In other studies, a decreased concentration of IGF-1 in cord blood has been reponed 
(Heinz-Erian et al, 1998; Coutant etal, 2001). 

( d) Menopause 

Three studies addressed the association between exposure to secondhand smoke and 
age at menopause. One study reported that passive smoking was associated with an 
advancement in the age at menopause similar to that reported for active smoking, but the 
study population was small (Everson el al., 1986). More recent investigations reported no 
association between exposure to secondhand smoke at home and age at menopause 
(Cramer el al., 1995; Cooper et al., 1999), 
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g were exposed to aged and diluted sidestream smoke (1 mg/m 3 TPM; 5.5 ppm CO; 

405 ftg/m 3 nicotine) for 6 h/day on days 3, 6-10 and 13-17 of pregnancy and killed on 
| day 20. Maternal body weight gain, average daily food consumption and the number of 
: fetuses and of implantation sites per litter were comparable between smoke-exposed and 
| pair-fed controls. However, there was a small, but significant reduction in mean pup 
weight (p < 0.05). This was not accompanied by any significant decrease in fetal ossi¬ 
fication, an index of gestational age (Rajini el al., 1994). In a similar study, animals were 
exposed for 6 h/day to aged and diluted sidestream smoke (1 mg/m 3 TPM ) from day 3 to 
day 11 of gestation. Average pup weight per litter was not affected by exposure to smoke, 
but the average number of implantations and of live pups per litter were significantly 
lower (p < 0.05) in the smoke-exposed animals (Witschi et a!., 1994), 

Gestating rats were exposed for 3 weeks before delivery to sidestream smoke, 4 ciga¬ 
rettes/15 min, 6 h/day, 5 days/week. Mortality at birth was higher in the exposed animals 
than in controls (11.9% versus 2.8%; p < 0.001), and body weights at 3 and 4 weeks of 
age were lower than those of controls [p < 0.001) (Zhu etd., 1997). In a later study under 
the same conditions, mortality at birth was also greater in rats exposed in utero than in 
those not exposed (12% versus 3%, p < 0.001), but in-utero exposure did not reduce body 
weight at 4 weeks (Hutchison et al, 1998). Other studies found that exposure of rats to 
'aged and diluted sidestream smoke (1 mg/m 3 TPM) in utero did not affect fetal body 
weight at any gestational age (Ji etal., 1998) or at birth (Joad et al.. 1999). 


4.3.2 txperimenta! systems 

A few studies have reported the effects of exposure of gestating female animals to 
sidestream smoke on embryo implantations, size of litters, mortality' rate or body weight 
of pups in the first weeks of life. 

Female hamsters were exposed to the smoke of 1, 2 or 3 cigarettes, twice a day, 

7 days/week, from 14 days before mating until the third day of pregnancy. Transport of 
pre-implantation embryos through the hamster oviduct was retarded in exposed females 
at all three doses, in a study of exposure to a single dose of smoke, the rate of oviducta! 
muscle contraction decreased significantly within 15 min of exposure and failed to return 
to baseline rates during a 25-min recovery period. Both pre-implantation embryo transport 
and muscle contraction were more sensitive to sidestream smoke than to mainstream 
smoke (see monograph on tobacco smoke, Section 4.3) (DiCarlantonio & Talbot. 1999). 

Rats were exposed for 2 h/day, from days 1 to 20 of gestation, to the smoke of 10 
king-size cigarettes/2 h [exposure concentrations not reported]. Exposure to smoke signi¬ 
ficantly reduced food consumption of gestating dams. The average feta! weight (n = in 
the animals exposed to sidestream smoke was reduced to 91% of the pair-fed control 
values {p < 0.05). Litter size and proportion of resorptions were not significantly affected. 
Combination of smoke with alcohol had a synergistic effect that led ro significantly. 
smaller litter size and fetal weight than in pair-fed animals [no comparison was made" rth 
smoke exposure alone] (Leichter, 1989). in another study, gestating Sprague-Dawley tats 




4.4 Genetic and related effects 

Jr 4.4.1 Humans 

(a) Mutagenicity, sister chromatid exchange and HPRT mutations 
(i) Urinary mutagenicity 

Mutagenicity of urine from smokers has been detected by use of the Salmonella 
(Ames) mutagenicity test in a large number of studies ever since the first report by 
Yamasaki and Ames (1977). Urinary mutagenicity correlates significantly with the 
number of cigarettes smoked daily and with urinary' nicotine and/or cotinine concen- 
j_ [rations (e.g. Bartsch et al., 1990; Vemieulen et al., 2000). 

Urine voided by nonsmokers exposed to secondhand tobacco smoke or to diluted 
sidestream smoke also shows bacterial mutagenicity (Bos et a!., 1983; Sorsa et al., 1985, 
? IARC, 1986; Kadu etal., 1987; Bartsch etal., 1990; Smith, C.J. etal., 2000; Vermeulen 
[, et al., 2000). This is in accordance with the mutagenicity of sidestream smoke and 
i samples of airborne particulate matter or the vapour-phase of the air collected from envi¬ 
ronments contaminated with secondhand tobacco smoke (see Section 4.4.2). However, 

. the increase in urinary mutagenicity was small in many of the studies (Sorsa et al., 1985; 
1 Husgafvel-Pursiainen et a!., 1987; Kado et al., 1987; US Environmental Protection 
; Agency, 1992; Smith C.J. et al, 2000), and no increase in mutagenicity was found in the 
? urine of volunteers (nonsmokers) after 8 h of exposure to the gaseous phase of second- 


Source: https://www.industrydocurnents.ucsf.edu/docs/kkkj0001 
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hand tobacco smoke or to whole secondhand tobacco smoke under experimental condi¬ 
tions (Scherer et al., 1990). The small increases in urinary mutagenicity that have been 
detected are subject to confounding from dietary, occupational and environmental expo¬ 
sures. Such confounding factors affect the sensitivity and specificity of the assay for 
secondhand tobacco smoke exposure in the same manner as they do in smokers (Sassoti 
a al, 1985; Malaveille et a!., 1989; US Environmental Protection Agency. J 992; Scherer 
& al.. 1996; Vermeulen et at, 2000). 

Increased urinary mutagenicity was clearly associated with exposure to secondhand 
tobacco smoke in two studies that used urinary cotinine concentrations to indicate expo¬ 
sure to tobacco smoke in smokers and nonsmokers (Bartsch et al., 1990; Vermeulen et al., 
2000). Bartsch et al (1990) found urinary mutagenicity to be a specific indicator of expo¬ 
sure to secondhand tobacco smoke. In the study by Vermeulen et al. ( 2000 ), an increase 
in urinary mutagenicity was found to follow an increase in urinary cotinine in a manner 
similar to that seen in smokers. In fact, cotinine-adjusted urinary mutagenicity levels 
showed an almost identical increase for both nonsmokers exposed to secondhand smoke 
and smokers (Vermeulen et al, 2000). 

(ii) Sister chromatid exchange 

Significantly higher levels of sister chromatid exchange, chromosomal aberrations 
and micronuclei have been found in cultured peripheral lymphocytes of smokers than in 
nonsmokers (IARC, 1986). However, studies on nonsmokers exposed to secondhand 
tobacco smoke in experimental or field conditions, where cotinine measurements went 
used as indicators of exposure and uptake, have sliuwn predominantly negative results for 
sister chromatid exchange in cultured lymphocytes of peripheral blood (Sorsa el al, 1985; 
Collman et al., 1986; Husgafvel-Pursiainen, 1987; Husgafvel-Pursiainen et al., 1987). A 
study of 106 adult nonsmokers who were divided into two groups according to whether 
they experienced high or low levels of exposure to secondhand tobacco smoke as deter¬ 
mined from plasma cotinine levels, found no difference in sister chromatid exchange 
frequencies between the two groups (Gorgels et al.. 1992). More recently, sister chromatid 
exchange was investigated in 109 preschool children, aged 1-6 years, whose mothers or 
other persons living in the same household smoked. Exposure to secondhand tobacco 
smoke at home, based on interview data and plasma cotinine measurements, was found to 
be associated with ait almost significant increase in sister chromatid exchange (p= 0.076) 
when compared with the level measured in children living in nonsmoking households. 
Tire increase paralleled statistically significant increases (p < 0.05} in 4-ABP-haemo- 
globin and PAH-albumin adducts in the children exposed to secondhand smoke (Tang 
eta!., 1999). 

The frequencies of sister chromatid exchange in cord blood lymphocytes from 
mothers who smoked or who were exposed to secondhand tobacco smoke were not ele¬ 
vated when compared with those in non-exposed mothers (Sorsa & Husgafvel-Pursiainen. 
1988). Chromosomal aberrations were not increased in nonsmoking waitresses and 


r ratters exposed to secondhand tobacco smoke who had increased cotinine levels (Sorsa 
f tal, 1989). 

In summary studies on sister chromatid exchange have found marginal effects in non- 
I smokers exposed to secondhand tobacco smoke. However, the lack of sensitivity of the 
L assay for exposure to low doses of this complex mixture needs to be taken into account. 

(iii) HPRT gene mutations 

Smokers have been found to have higher frequencies of HPRT mutant lymphocytes 
1 dian nonsmokers in most of the populations studied (Ainmenhcuser et al. 1997: Curry 
eta l t 1999 ; see monograph on tobacco smoke). A set of studies has been conducted on 
BffPRTmutations in the newboms of mothers who were exposed or not exposed to second- 
Khand tobacco smoke. After an initial study that found no difference between HPRT mutant 

■ frequencies in T lymphocytes from the cord blood of infants bom to mothers exposed to 
■secondhand tobacco smoke and to non-exposed mothers (Finette et a!., 1997), the same 
Rauthors carried out another study, in which the types of HPRT mutations were 

■ investigated (Finette et al., 1998). Maternal exposure was based on self-reported smoking 
■'status, interview data on exposure to secondhand tobacco smoke at home or at work and 
■on measured concentrations of cotinine in cord blood plasma. Analysis of 30 HPRT 

:- mutants from 12 infants whose mothers were classified as not exposed and 37 mutant 
isolates from 12 infants born to mothers who were exposed found a significant difference 
between the mutation spectra in these groups. The difference was attributed to HPKT 
- exon 2-3 deletions, which are mutational events presumably mediated by illegitimate 

* combinatorial rearrangement of multiple V (variable), D (diversity) and .1 (junctional) 
} coding gene segments (V(D)J) recombinase activity (Finette et al, 1998). 

In another study, cord blood T lymphocytes from 60 newboms were investigated and 
? were found not to show an independent effect of (self-reported) maternal exposure to 
k secondhand tobacco smoke on HPRT mutant frequencies. However, the exon 2-3 
^ deletions comprised 26.3 and 28.6% of all mutants in cord blood of infants of moiheis 
l who were not exposed or were passively exposed to secondhand smoke, respectively. In 

* infants bom to mothers who smoked, this percentage was 85.7% (Bighee et a!., 1999). 

i ■ (tv) Other 

A study of lift workers conducted in China examined DNA damage in lymphocytes 
[ with the single-cell gel electrophoresis (comet) assay. It was found that in 255 never- 
{ smokers, the tail moment in the assay was significantly increased by any reported expo¬ 
sure to secondhand tobacco smoke at home or at work. Analysis of covariance showed a 
' significant, independent effect of domestic, but not of occupational, exposure to sccond- 
| hand tobacco smoke, measured by the number of smokers nearby, on the comet tail 
B moment (Lam et al, 2002). 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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(i) TP53 gene mutations 

The frequency of mutations of the TP53 gene is higher in lung tumours from smokers 
than in those from nonsmokers (as reviewed in Hussain & Harris, 1998; Hernandez- 
Boussard et al, 1 999; see monograph on tobacco smoke) and this correlates with lifetime 
cigarette consumption or duration of smoking (Takeshima et a!.. 1993; Wang et at.. 1995: 
Hondo et al., 1996; Husgafvel-Pursiainen et al., 1999). In addition, a significant 
difference has been observed between mutation spectra in smokers and nonsmokers (sec 
monograph on tobacco smoke). 

Frequencies of 77753 mutations found in lung cancer tissues from lifetime nonsmokers 
vary between 10 and 35% (Huang et al, 1998; Marchetti et al, 1998; Takagi etal., 1998; 
Gcaly et al., 1999; HusgafVel-Pursiainen et al, 2000; VahSkangas et d , 2001). A few 
studies have investigated lung tumours from patients who, as determined from interview 
data, were lifetime nonsmokers who had experienced long-term exposure to secondhand 
tobacco smoke at home and compared the mutation frequencies with those recorded in 
lifetime nonsmokers without exposure to secondhand smoke (Husgafvel-Pursiainen etal., 
2000; Vahakangas et al., 2001). Life-long nonsmokers studied as a single group (Le. 
irrespective of exposure to secondhand tobacco smoke) were found to have a significantly 
lower prevalence of TP53 mutations than smokers (odds ratio, 2.9; 95% Cl, 1.2-7.2; n ~ 
9i for never-smokers) (Husgafv el-Pursiainen et al.. 2000) or ex-smokers (udds ratio. 9.1: 
95% Cl, 2.1-40.0; u = 117 for never-smokers) (Vahakangas etal., 2001). When the 
prevalence of mutations in the lifetime nonsmokers who reported exposure to secondhand 
tobacco smoke from spousal smoking was compared with that in cases who reported no 
exposure to secondhand tobacco smoke at home, mutations were more common in 
exposed cases who reported exposure from spousal smoking (odds ratio, 2.0; 95% Cl, 
0.5-8.7; based on six exposed cases with mutation and 42 exposed cases without 
mutation) (Husgafvel-Pursiainen et al, 2000). In addition, the predominant type of 
mutation detected in nonsmokers was GC-»AT transition, but the number uf mutations 
was too small to allow comparisons to be made between the exposure groups (Husgafvel- 
Pursiainen et al., 2000; Vahakangas et al., 2001). 


(ii) KRAS mutations 

Mutations of the KRAS gene (codons 12,13 or 61) occur in approximately 30% of 
lung adenocarcinomas obtained from smokers (Rodenhuis et ah, 1988; Slebos et al., 
1991; Husgafvel-Pursiainen el al, 1993; Westra et al., 1993; Gealy et al., 1999), Studies 
that have looked for KRAS mutations in lung tumours from nonsmokers (typically codon 
12) have found low frequencies of mutation: 0% (0/35) (Marchetti etal, 1998), 5% (2/40) 
(Rodenhuis & Slebos, 1992), 7% (2/27) (Wesira et al, 1993), 9% (2/23) (Gealy et al. 
1999) and 11% (13/117) (Vahakangasera/., 2001). Only Vahakangas etal (200!) studied 
ATMSmutations in lifetime nonsmokers exposed to secondhand tnhacco smoke: of the 
nonsmokers with a ATMS mutation in codon 12, seven had been exposed to secondhand 
smoke and six had not. 



(e) Polymorphisms in xenobiotic metabolizing genes 

Many studies have investigated smokers for associations between polymorphisms of 
genes involved in xenobiotic metabolism, proposed as markers of susceptibility, and 
various end-points of genotoxicity and related effects (Vineis & Malats, 1999). However, 
many of the data from such studies are contradictory and were frequently based on small 
numbers. Few studies have addressed the influence of genetic polymorphisms on 
nonsmokers exposed to secondhand tobacco smoke, and no iirnt conclusion can be drawn 
regarding the influence of polymorphisms on smoking-associated biomarkers. 


4.4.2 Experimental systems 

{a) In-vitro studies on genotoxicity 

The genotoxicity' of whole sidestream smoke or fractions of sidestream smoke or 
secondhand tobacco smoke has been investigated in many studies. Sidestream smoke or 
secondhand tobacco smoke collected from indoor environments has been shown to be 


mutagenic in the Salmonella (Ames) mutagenicity assay (Husgafvel-Pursiainen et al., 
1986; Lofroth & Lazaridis, 1986; Linger al, 1987; Claxton etal, 1989; Doolittle etal, 
1990) as reviewed by Sorsa arid Lofroth (1989). Condensates of mainstream smoke and 
cigarette smoke were mutagenic in the presence of 89 activation systems (IARC, 1986; 
see monograph on tobacco smoke), and some studies found that sidestream smoke or 
secondhand tobacco smoke also induced bacterial mutagenicity in the absence of S9 


(Ling et a!., 1987; Claxton et al, 1989). One study that found that secondhand tobacco 
smoke condensate induced mutations in the Salmonella assay also observed a genotoxic 
response in the SOS chromotest with Escherichia coli (Chen & Lee, 1996). Another study 
investigated the particulate matter of secondhand tobacco smoke collected near the 
breathing zone of nonsmoking individuals and detected mutagenicity that correlated with 
the concentrations of nicotine in air (Kado et al, 1991). 

Several studies have shown sidestream smoke, secondhand tobacco smoke and their 
fractions to be potent inducers of sister chromatid exchange in Chinese hamster ovary 
cells in the presence and absence of metabolic activation (Husgafvel-Pursiainen et al., 
1986; Salomaa el al, 1988; Doolittle et al, 1990). Other studies have reported smaller 
effects (e.g. Chen & Lee, 1996). Sidestream smoke has also been found to induce chro¬ 
mosomal aberrations, but not Hprl gene mutations, in Chinese hamster ovary cells 
(Doolittle et al, 1990). 


( b ) In-vivo studies on genotoxicity 

Studies in rodents have indicated in-vivo genotoxicity of sidestream smoke, or of the 
combination of sidestream smoke and mainstream smoke, as reviewed by IARC (1986). 
Various studies have been conducted on the clastogenic effects of sidestream cigarette 
smoke in mice or rats under whole-body or nose-only exposure conditions. In mice 
exposed to sidestream smoke in an exposure chamber (whole-body exposure), a signifi- 
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cant increase in the frequency of micronucleated polychromatic erythrocytes in the bone 
marrow was observed (Mohtashamipur et d., 1987). Similarly, sidestream smoke and 
mainstream smoke condensates injected either separately or in a mixture increased the 
formation of micronuclei in polychromatic erythrocytes m treated mice in a dose-depen¬ 
dent manner (Mohtashamipur et ah. 1988). In agreement with chemical analyses showing 
that the concentrations of several genotoxic and carcinogenic substances arc higher in 
sidestream smoke than in mainstream smoke, sidestream smoke condensate induced 
significantly more micronuclei than mainstream smoke condensate. This difference was 
more pronounced in animals pretreated with the enzyme inducer Arochlor 1284 
(Mohtashamipur et ai, 1988). 

Aged and diluted sidestream smoke was not found to induce chromosomal aberrations 
in alveolar macrophages in rats after nose-only exposure for 7 days (Lee ei al, 1992), or 
after 28 days or 90 days (Lee et of., 1993) More recently whole-body exposure of tats to 
a mixture of mainstream (11%) and sidestream (89%) cigarette smoke for 28 consecutive 
days was found to induce DNA adducts and cytogenetic damage in all tissues examined 
The frequencies of micronucleated and polynucleated pulmonary' alveolar macrophages 
as well as those of micronucleated polychromatic erythrocytes in bone marrow were 
significantly increased in animals exposed to sidestream smoke when compared with 
sham-exposed animals (Izzotti et «/., 2001). 

4.9 Mechanistic considerations 

Biological measurements have demonstrated uptake and metabolism of tobacco 
smoke constituents in nonsmokers who reported regular exposure to secondhand tobacco 
smoke. In particular, c-otinine concentrations measured in the body fluids of nonsmokers 
have provided both qualitative and quantitative evidence of exposure to secondhand 
tobacco smoke. In addition, the presence of tobacco-specific nitrosamines and their meta¬ 
bolites in the urine of nonsmokers exposed to secondhand tobacco smoke, with a corre¬ 
lation between the metabolites and cotinine concentration in the urine, provides clear 
evidence of the exposure of nonsmokers to carcinogenic constituents of tobacco smoke, 
Tlte results of current studies on individual variation due to environmental or genetic 
factors are insufficient to permit conclusions regarding the influence of these factors on 
the response of people to exposure to secondhand tobacco smoke. 

Evidence is provided in this monograph for the genoioxicity of secondhand tobacco 
smoke in humans. Exposure of nonsmokers to secondhand tobacco smoke has often been 
demonstrated by measurements nf both cotinine and protein adducts. Studies analysing 
somatic mutations in the TP53 and KRAS genes in lung tumours from life-long non- 
smokers have suggested that the mutation burden in nonsmokers who are exposed to 
secondhand tobacco smoke may be higher than that in nonsmokers who have not been 
exposed. These observations in humans are supported by the findings from animal studies 
and other experimental systems that have demonstrated the genotoxicity of sidestream 
smoke (a major compuneni of secondhand tobacco smoke), of a mixture of mainstream 


and sidestream smoke, and of secondhand tobacco smoke collected in indoor 
environments. 

The evidence from studies of nonsmokers exposed to secondhand tobacco smoke, 
supported by other data from experimental systems, is compatible with the current 
concept of tobacco-related carcinogenesis. According to this concept, tobacco smoke 
carcinogens, regardless of the type of smoke in which they occur, are associated with 
genetic effects that disrupt crucial biological processes of normal cellular growth and 
differentiation in smokers as well as in nonsmokers (see monograph on tobacco smoke). 
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5. Summary of Data Reported and Evaluation 

5.1 Exposure data 

Involuntary (or passive) smoking is exposure to secondhand tobacco smoke, which is 
a mixture of exhaled mainstream smoke and sidestream smoke released from the smoul¬ 
dering cigarette or other smoking device (cigars, pipes, bidis, etc.) and diluted with 
ambient air. Involuntary smoking involves inhaling carcinogens, as well as other toxic 
components, that are present in secondhand tobacco smoke. Secondhand tobacco smoke 
is sometimes referred to as ‘environmental’ tobacco smoke. Carcinogens that occur in 
secondhand tobacco smoke include benzene, 1,3-butadiene, benzo[a]pyrene, 4-(methyl- 
nitrosamino)-! -(3-pyridyl)-l -butanone and many others. 

Secondhand tobacco smoke consists of a gas phase and a particulate phase; it changes 
during its dilution and distribution in the environment and upon ageing. The concen¬ 
trations of respirable particles may be elevated substantially in enclosed spaces containing 
secondhand tobacco smoke. The composition of tobacco smoke inhaled involuntarily is 
variable quantitatively and depends on the smoking patterns of the smokers who are pro¬ 
ducing the smoke as well as the composition and design of the cigarettes or other smoking 
devices. The secondhand tobacco smoke produced by smoking cigarettes has been most 
intensively studied. 

Secondhand tobacco smoke contains nicotine as well as carcinogens and toxins. "Nico¬ 
tine concentrations in the air in homes of smokers and in workplaces where smoking is 
permitted typically range on average from 2 to 10 llg/m 3 . - 

5.2 Human carcinogenicity data 

Lung cancer 

Involuntary smoking involves exposure to the same numerous carcinogens and toxic 
substances that are present in tobacco smoke produced by active smoking, which is the 
principal cause of lung cancer. As noted in the previous IARC Monograph on tobacco 
smoking, this implies that there will be some risk of lung cancer from exposure to second¬ 
hand tobacco smoke. 

More than 50 studies of involuntary smoking and lung cancer risk in never-smokeis, 
especially spouses of smokers, have been published during the last 25 years. These studies 
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have been carried out in many countries. Most showed an increased risk, especially for 
persons with higher exposures. To evaluate the information collectively, in particular from 
those studies with a limited number of cases, meta-analyses have been conducted in which 
the relative risk estimates from the individual studies are pooled together. These meta¬ 
analyses show that there is a statistically significant and consistent association between 
lung cancer risk in spouses of smokers and exposure to secondhand tobacco smoke from 
the spouse who smokes. The excess risk is of the order of 20% for women and 30% for 
men and remains after controlling for some potential sources of bias and confounding 
The excess risk increases with increasing exposure. Furthermore, other published meta¬ 
analyses of lung cancer in never-smokers exposed to secondhand tobacco smoke at the 
workplace have found a statistically significant increase in risk of 12-19%. This evidence 
is sufficient to conclude that involuntary smoking is a cause of lung cancer in never- 
smokers, The magnitudes of the observed risks are reasonably consistent with predictions 
based on studies of active smoking in many populations. 

Breast cancer 

The collective evidence on breast cancer risk associated with involuntary exposure of 
never-smokers to tobacco smoke is inconsistent. Although four of the 10 case-control 
studies found statistically significant increases in risks, prospective cohort studies as a 
whole and, particularly, the two large cohort studies in the USA of nurses and of volun¬ 
teers in the Cancer Prevention Study II provided no support for a causal relation between 
involuntary' exposure to tobacco smoke and breast cancer in never-smokers. The lack of a 
positive dose-response also argues against a causal interpretation of these findings. 

Finally, the lack of an association of breast cancer with active smoking weighs heavily 
against the possibility that involuntary smoking increases the risk for breast cancer, as no 
data are available to establish that different mechanisms of carcinogenic action operate at 
the different dose levels of active and of involuntary smoking. 

r 

Childhood cancer ; 

l 

Overall, the findings from studies of childhood cancer and exposure to parental 
smoking are inconsistent and are likely to be affected by bias. There is a suggestion of a 
modest association between exposure to maternal tobacco smoke during pregnancy and 
childhood cancer for all cancer sites combined; however, this is in contrast with the null 
findings for individual sites. Studies on paternal tobacco smoking suggest a small 
increased risk for lymphomas, but bias and confounding cannot be ruled out. 

Other cancer sites 

Data are conflicting and sparse for associations between involuntary smoking and 
cancers of the nasopharynx, nasal cavity', paranasal sinuses, cervix, gastrointestinal tract 
and cancers at all sites combined. It is unlikely that Qny effects arc produced in passive 
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smokers that are not produced to a greater extent in active smokers or that types of effects 
that are not seen in active smokers will be seen in passive smokers. 

5.3 Animal carcinogenicity data 

Secondhand tobacco smoke for carcinogenicity studies in animals is produced by 
machines that simulate human active smoking patterns and combine mainstream and side- 
stream smoke in various proportions. Such mixtures have been tested for carcinogenicity 
by inhalation studies in rodents. The experimental model systems for exposure to second¬ 
hand tobacco smoke do not fully simulate human exposures, and the tumours that develop 
in animals are not completely representative of human cancer. Nevertheless, the animal 
data provide valuable insights regarding the carcinogenic potential of secondhand tobacco 
smoke. 

A mixture of 89% sidestream smoke and 11 % mainstream smoke has been tested for 

I carcinogenic activity in mouse strains that are highly susceptible to lung tumours (strains 
A/J and Swiss). In strain All mice, this mixture consistently produces a significant, 
modest increase in lung tumour incidence and lung tumour multiplicity when the mice are 
exposed for 5 months followed by a 4-month recovery period. These lung tumours are 
predominantly adenomas. Continuous exposure of strain A/J mice to the above mixture 
of mainstream and sidestream tobacco smoke for 9 months with no recovery period did 
not increase the incidence of lung tumours. In Swiss strain mice, the same mixture 
induced lunu tumours by both protocols, i.e. when the animals were exposed for 5 months 
followed by a 4-month recovery period and when they were exposed continuously for 
9 months with no recovery period. In addition, exposure of Swiss mice to the tobacco 
smoke mixture for a shorter period was sufficient to induce lung tumours. 

Condensates of sidestream and of mainstream cigarette smoke have been tested for 
carcinogenicity. Both kinds of condensates produced a spectrum of benign and malignant 
skin tumours in mice following topical application, and the sidestream condensate exhi¬ 
bited higher carcinogenic activity. Sidestream smoke condensate was shown to produce a 
dose-dependent increase in lung tumours in rats following implantation into the lungs. 

Increased relative risks forfeng-and sinonasal cancer have been reported in compa¬ 
nion animals (dogs) exposed to secondhand tobacco smoke in homes. 

5.4 Other relevant data 

Involuntary smoking has been associated with a number of non-neoplastic diseases 
and adverse effects in never-smokers, including both children and adults. Epidemio¬ 
logical studies have demonstrated that exposure to secondhand tobacco smoke is causally 
associated with coronary heart disease. From the available meta-analyses, it has been esti¬ 
mated that involuntary smoking increases the risk of an acute coronary heart disease event 
by 25-35%. Adverse effects of involuntary smoking on the respiratory system have also 
been detected. In adults, the strongest evidence for a causal relation exists for chronic 
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respiratory symptoms. Some effects on lung function have been detected, but their 
medical relevance is uncertain. 

Data on the hormonal and metabolic effects of involuntary' smoking are sparse. 
However, female involuntary' smokers do not appear to weigh less than women who are 
not exposed to secondhand tobacco smoke, a pattern that contrasts with the findings for 
active smoking. No consistent association of maternal exposure to secondhand smoke 
with fertility or fecundity' has been identified. There is no clear association of passive 
smoking with age at menopause. 

Maternal cigarette smoking has repeatedly been associated with adverse effects on 
fetal growth; Hill-term infants bom to women who smoke weigh about 200 g less than 
those born to nonsmokers. A smaller adverse effect has been attributed to maternal passive 
smoking. 

Cotinine, and its parent compound nicotine, are highly specific for exposure to 
secondhand smoke. Because of its favourable biological half-life and the sensitivity of 
techniques for quantifying it, cotinine is currently the most suitable biomarker for 
assessing recent exposure to secondhand tobacco smoke uptake and metabolism in adults, 
children and newborns. 

Several studies in humans have shown that concentrations of adducts of carcinogens 
to biological macromolecules, including haemoglobin adducts of aromatic amines and 
albumin adducts of polycyclic aromatic hydrocarbons, are higher in adult involuntary 
smokers and in the children of smoking mothers than in individuals not exposed to 
secondhand tobacco smoke. Protein adduct concentrations in feta! cord blood correlate 
with those in maternal blood but are lower. Fewer studies have investigated DNA adduct 
levels in white blood cells of exposed and unexposed nonsmokers. and most studies have 
not shown clear differences. 

In studies of urinary biomarkers, metabolites of the tobacco-specific carcinogen. 
4-{metfay In i trosamino)-1 -(3-pyridyl)-1 -b u tan one, have been found to be consistently ele¬ 
vated in involuntary smokers. Levels of these metabolites are 1 -5% as great as those 
found in smokers. The data demonstrating uptake of4-(rnethyInitrosam ino)-1 -(3-pyridyl)- 
1-butanone, a lung carcinogen in rodents, by nonsmokers are supportive of a causal link 
between exposure to secondhand tobacco smoke and development of lung cancer. 

The exposure of experimental animals, primarily rodents, to secondhand tobacco 
smoke has several biological effects that include (i) increases or decreases in the activity 
ofphase I enzymes involved in carcinogen metabolism; (ii) increased expression of nitric 
oxide synthase, xanthine oxidase and various protein kinases; (ill) the formation of 
smoke-related DNA adducts in several tissues; and (iv) the presence of urinary biomarkers 
of exposure to tobacco smoke. 

in adult experimental animals, sidestream tobacco smoke has been found to produce 
changes that are similar to those observed with exposure of humans to secondhand 
tobacco smoke. These include inflammatory changes in the airways and accelerated 
formation of arteriosclerotic plaques. Although the changes are often comparatively minor 
and require exposure to rather elevated concentrations of sidestream smoke, they support 
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the results of human epidemiological studies. During pre- and postnatal exposure, side- 
stream smoke produces intrauterine growth retardation, changes the pattern of metabolic 
enzymes in the developing lung, and gives rise to hyperplasia of tire pulmonary neuro¬ 
endocrine cell population. In addition, it adversely affects pulmonary compliance and 
airway responsiveness to pharmacological challenges. 

In humans, involuntary smoking is associated with increased concentrations of muta¬ 
gens in urine. Some studies have shown a correlation of urinary' mutagenicity with 
concentrations of urinary cotinine. Increased levels of sister cliromatid exchange have nor 
been observed in involuntary smokers; however, there is some indication of elevated 
levels in exposed children. Lung tumours from nonsmokers exposed to tobacco smoke 
contain 7753 and KRAS mutations that are similar to those found in tumours from 
smokers. The genotoxicity of sidestream smoke, 'environmental’ tobacco smoke, side- 
stream smoke condensate or a mixture of sidestream and mainstream smoke condensates 
has been demonstrated in experimental systems in vitro and in vivo. 

5,5 Evaluation 

There is sufficient evidence that involuntary smoking (exposure to secondhand or 
‘environmental’ tobacco smoke) causes lung cancer in humans. 

There is limited evidence in experimental animals for the carcinogenicity ol mixtures 

of mainstream and sidestream tobacco smoke. 

There is sufficient evidence in experimental animals for the carcinogenicity ot side- 

stream smoke condensates. 

In addition, the Working Group noted that there are published reports on possible 
carcinogenic effects of secondhand tobacco smoke in household pet dogs. 

Overall evaluation 

Involuntary smoking (exposure to secondhand or ‘environmental tobacco smoke) is 
carcinogenic to humans (Group I). 
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3- ABP; 3-aminobiphenyI 

4- ABP: 4-aminobipheny! 

AC: adenylyl cyclase 

AH: acetylhydrolase 

AHH: ary! hydrocarbon hydroxylase 

ALDH: aldehyde dehydrogenase 

AMI: acute myocardial infarction 

ApoE: apolipoprotein E 

BaP: benzo[a|pyrene 

BPDE: benzo[o]pyrene diolepoxide 

CDK: cyclin-dependent kinase 

CEVal: A'-(2 -cy an oet hy ]) v al i n e 

ChAT: choline acclyltransfcrasc 

CHD: coronary heart disease 

CO: carbon monoxide 

COHb: carboxyhaemoglobin 

COPD: chronic obstructive pulmonary disease 

COTAC: cotinine acid 4-(methylamino>4-(3-pyridyl)butyric acid 

COX: cyclooxygenase 

CSC: cigarette smoke condensate 

DDD: dichlorodiphcnyldichloroethanc 

DDE: 1,1 -dichloro-2,2-bis(p-chlorophenyl)ethylene 

DDT: 1,1,1 - tri chloro-2,2-di-( 4-chl orophenyl )ethan e 

DHEAS: dihydroepiandrosterone sulfate 

DMBA: 7,!2-dimethylbenz[fl]anthracene 

DRZ; diagonal radioactive zone 

EH: epoxide hydrolase 

ELISA: enzyme-linked immunosorbent assay 

ERK: extracellular signal-regulated protein kinase 

FAL: fractional allelic loss 

FCTC: Framework Convention on Tobacco Control 

FRF: forced expiratory flow 
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FEV,: forced expiratory volume in 1 second 
FGF-2: fibroblast growth factor-2 

FHIT gene: a gene coding for a dinucleoside 5',5"'-P',P 3 -triphosphate hydrolase, 
a putative tumour suppressor protein 
FID: flame ionizing detection 
FISH: fluorescence in-situ hybridization 
FPM: fluorescent particular matter 
FTC: Federal Trade Commission 
FVC: forced vital capacity 
GC-MS: gas chromatography-mass spectrometry 
glue: glucuronide 
GSH: glutathione 
GST: glutathione S transferase 
HCAs: heterocyclic amines 
HC-3: [ 3 H]hemicholinmm-3 
HO Et Val: A-(2-h ydroxyethyl )valin e 
1-HOP: 1-hydroxypyrene 
HPB: 4-hydroxy-l -(3-pyridyI)- ] -butanone 
HPLC: high-performance liquid chromatography 
ICC'SS: International Committee for Cigar Smoke Study 
IgE: immunoglobulin E 
IGF1: insulin-like growth factor 1 
IgG: immunoglobulin G 
IHD: ischaemic heart disease 
IL: interleukin 

iNOS: inducible nitric oxide synthase 
ISO: International Standardization Organization 
/so-NNAC: 4-(A 7 -nitrosomethylamino)-4-(3-pyridyl)butyric acid 
KRAS oncogene: Kirsten-raj oncogene 
LALN: lung-associated lymph nodes 
LDL: low-density lipoproteins 
LOH: loss of heterozygosity 
MAPK: mitogen-activated protein kinase 
7-MedG: 7-methyldeoxyriboguanosine 
MEF: maximal expiratory flow 
MEH: mitochondriol epoxvde hydrolase 
MEK1: mitogen-activated extracellular kinase 1 
MeP: methylpurine 
MF: mutant frequency 
MT: myocardial infarction 
NAC; jV acetyl-L-cysteine 
uAChRs: nicotinic acetylcholine receptors 


NADPH: nicotinamide-adenine dinucleotide phosphate 

NAT: A-acetyltransferase 

NBOPA: A r -nitrosobis(2-oxopropyl)amine 

NDEA: A-nitrosodiethylamine 

NDELA: V-nitrosodiethanolamine 

NDMA: A'-nitrosodimethylamine 

NEMA: jV-nitroethylmethylamine 

NF: nuclear factor 

nic: nicotine 

NMBA: 4 -(.V-nitroso-A , -metliylamino)butyric acid 
NMPA: 3 -(A r -nitroso-A'-methylamino)propionic acid 
NMTCA: A'-n i troso-2 -methylthiazolidine 4-carboxylic acid 
iso-NNAC: see under iso 

NNAL: 4-(A r -nitrosomethylamino)-l-(3-pyridyl)-l-butanol 

NNAL-O-gluc: [4-(methylnitrosamino)-l-(3-pyridyl)bul-l-yl]-p-0-D-glucosiduromc 

acid 

NNK: 4-(A-n i tro somethylami no)-1 -(3-pyridy 1 )-l-butanone 
NNN: JV'-nitrosonomicotine 
NO: nitric oxide 

N0 : : nitrogen dioxide, also called nitrous oxide 

NOx: nitrogen oxides 

NOS: NO synthase 

NPIC: A'-nitrosopipecolic acid 

NPIP: A'-nitropiperidine 

NPRO: A'-nitrosoproline 

NPYR: 3V-n i trosopyrr ol idine 

NSAR: A'-nitrososarcosme 

NTCA: A'-nitrosothiazolidine 4-carboxylic acid 

0*-MedG: t^-methyldeoxyriboguanosine 

25-OH vitamin D: 25-hydroxyvitamin D 

8-OHdG: 8-hydroxy-2'-deoxyguanosine 

OVA/AL: aluminium hydroxide-precipitated ovalbumin 

8-oxodG: 8-oxo-7,8-dihydro-2'-deoxyguanosine 

P450: cytochrome P450 

PAF: platelet-activating factor 

PAH: polycyclic aromatic hydrocarbons 

PCDD: polychlorodibenzodioxins 

PCDF: polychlorodibenzofurans 

PEF*. peak expiratory flow 

PhlP: 2-amino- 1 -raethyl-6-phenylimidazo[4,5-b]pyridine 
PKC: protein kinase C 
RB gene; retinoblastoma gene 



Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 



3006392700 


1418 


IARC MONOGRAPHS VOLUME 83 


ROS: reactive oxygen species 
RSP; respirable suspended particles 
KYQ: roll-your-own 
SC!N: serum thiocyanate 
SFS: synchronous fluorescence specuoscopy 
SH: spontaneously hypertensive 
S-PMA: 5-pheny hnercapiuri c acid 
S9: supernatant of 9000 g centrifugation 
tar: paniculate phase 

TCDf): 2,J.7.S-tetrachloro-pflra-dibenaodioxin 

TPiVl: total particulate matter 

TSNA: tobacco-specific nitrosamines 

ff-MA: /rem.t,t««H-muconic acid 

UDP: uridmc-S'-diphosphate 

UGT: uridine-5'-diphosphate glucuronosyltransferase 

UVPM: ultraviolet particulate matter 

V(D)J recombination: combinatorial rearrangement of multiple V (variable), 
D (diversity) and J (junctional) coding gene segments 
VOC: volatile organic compounds 
WBC: white blood cell 


CUMULATIVE CROSS INDEX TO IARC MONOGRAPHS ON 
THE E VALUATION OF CARCINOGENIC RISKS TO HUMANS 

The volume, page and year of publication are given. References to corrigenda are 
given in parentheses. 


* 

1 A-u-C 

■ Acetaldehyde 

' Acetaldehyde fotmytmethylhydmone (see Gyromitiin) 

!; Acetamide 

n . 

t 

f Acetaminophen (site Paracetamol) 

f AciClovir 

L Acid mists (see Sulfuric acid and other strong inorganic acids, 
pi ocoipational exposures to mists and vapours from) 

1 Acridine orange 

| Acnflaviniem chloride 

1 Acrolein 


t. Acrylamide 
s 

Acrylic acid 

Acrylic fibres 
Acrylonitrile 

Acrylonitrile-biuadicnc-styrtnc copolymers 
Actinolite (see Asbestos) 

Actmomycin D (see also Aetinomycins)_ 

Adinomyeins 

;■ Adriamycin 

AF-2 

Attain v .i ns 

r Aflatoxin B, (see Aflatoxins) 

£■ Aflatoxin B, (see Aflatoxins) 

Aflatoxin G, (see Aflatoxins) 

Aflatoxin G, (see Aflatoxins) 

Aflatoxin M, (see Aflatoxins) 

Acaritine 
Alcohol drinking 
Aldicarb 


40 ,245 (1986); Suppl. 7,56(1987) 
.)* 101 (1985) (nmrtf, 2«)| 
Suppl 7,77(1987); 71,319 (1999) 

7, 197 (1974); Suppl. 7,56,389 
(!987);?f, 1211 (1999) 

76,47(2009) 


76,145(19781: Suppl 7. 56(1987) 
73.31 (1977): Stiff)/. 7.56 (1987) 
7f'. 479 (1979): 36.153(19851. 
Suppl. 7,78 (1987): 63.337(1995) 
(eon: 6.5,549) 

39.41 (1986): Stiff)/, 7.56it987|. 
66,389(1994) 

19, 47 (1979), Suppl 7, 56(1987); 
77, 1223 (1999) 

79. 86 (1979k Suppl 7, 56(1987) 
19. 73 (1979); Suppl, 7,79(1987): 
77,43 (1999) 

19 .91 (1979); Suppl 7,56(1987) 

Suppl. 7,80(1987) 

10. 29 (1976) (corr. 42. 255) 
to. 43 (1976k Suppl. 7, 82 0 987) 
37,47 (1983); Suppl. 7,56(1987) 

1 ,145 (1972) (coir <2,251); 

70.51 (1976); Suppl. 7 ,83 (1987); 
56,245 (1995): S2,17112002) 


31 ,63 (1983); Suppl. 7,56 (1987) 
44 (1988) 

53.93 (199!) 
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Aidrin 

5,25(1974). Suppl. 7, 88(1987) 

AIM chloride 

36,39(1985); Suppl 7.56(1987): 
71. 1231 (1999) 

Allyl isothiocyanale 

36. .55 (1985): Suppl. 7.56 (1987): 
73,37(1999) 

Ally! isovalerate 

36. 69 (1985); Suppl. 7. 56 (191)7); 
71. 1241 (1 

Aluminium production 

32,3";19S’.|.. - 7| 

Amaranth 

6.41(1975'. r. -| 

> A m i noarena phlhene 

16. 243 (197S;; Suppl 7. /l - '87) 

2-Aminoanthraquinone 

27, 191 (1982); Suppl 7. St, U 87) 

/wu-Aminoawtbeozeiie 

S, 53 (1975); Suppl. 7,56,39o 
(1987) 

ozrAo-AminoazotolLtene 

S, 61 (1975) (rnrr. 42,254); 

Suppl. 7.56 (1987) 

JMW-Aminobcnznic acid 

76,249 (1978); Suppl. 7.56 (1987) 

4-Am in obipheizyl 

2-Amincu3,4-dinielhy]imi(lazo[4.5-_/]quiiioliiie (see MelQ) 

2- Aiuinc-3,8-diinelhyliinidazo[4,5-/|quinu)taline (sec MdQx) 

3- Amino-1,4-dimethyl-5fApyrido[4,3-6]indole (we Trp-P-1) 
7-Aminodipyriilo[l.2-c3',2'-4midazole (see Gln-P-2) 

7,74 (1972) (core. 42, 251); 

Suppl 7.91 (1987) 

1- AmiitO-i-methylantliraquinonc 

2- Amit»-3-methylimidazo[4.5-_l]quinoline (see IQ) 
2-Amino-6-mcrhyldipyTidu[].2-fl:322’-£/J]mida«ile(.k’£' Glu-P-1) 
2-Amino-l-methyl-6-phenylimidazc»[4.5-6]pyridine (see PltlP) 

2- Atttino-3-ttieihyl-9//-pyrido[2 r )-6jin(iole (see MtA-n-C) 

3- Aiiuno-l-iiieihyl-5ff-pyndu[4,3-6)int;ok (see Trp-P-2) 

27.199(1985);%/ 7,57(19871 

2-Amino- 5-(5 -nitro-2-furyl)-1,3,4-ihiadi azole 

7.145 (1974); Suppl. 7. 57 (1987) 

2-Amino-4-nitrophenol 

37,167(1993) 

2-Amino-5-nitrnphenol 

57,177 (1993) 

4-AminO-2-nitrophcnol 

/6.43 (1978);%/. 7.57(1987) 

2-Amino-5-tiitrothiazole 

2v\mino-9//-pyiido[2>&]indole (sec A*a-C) 

37, "1 (1983);%'/. 7,57(1987) 

11 -Aminoundccanoic acid 

39. 239 (1986); Suppl 7. SI (I9S7) 

Amitrole 

Ammonium potassium selcnide (.vee Selenium and selenium compounds) 

7.31 (1974): 41. 293 (1986) (ew. 
32.513: Suppl 7.9.1 (1987); 

79,381 <20011 

Amorphous silica (see also Silica) 

Amosite {see Asbestos) 

42.39(1987):%/. 7.341 (1987): 
AS, 41 (1997) (cure 8U831 

Ampicillin 

50,153 (1990) 

Anserine 

Anabolic steroids [see Androgenic (anabolic) sieroids) 

76.317(2000) 

Anaesthetics, volatile 

//. 285 (1976);%/, 7.93 (1987) 

Analgesic mixtures containing phenacetin (see also Phenacetin) 

Suppl. 7,310 (1987) 

Androgenic (anabolic) steroids 

Suppl 7,96(1987) 

AnEelicin and some synthetic derivatives (see also Angelicins) 

40.291(1986) 

Arigelicin plus ultraviolet radiation (see also Angehcin and some 
synthetic derivatives) 

Suppl. 7, 57 (1987) 

Angelicirts 

Suppl. 7. 57 (1987) 

Aniline 

4,27 (1974) Icon". 42. 252): 

27,39 (1982): Suppl. 7.99 (19871 



f 
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orl^o-Anisidine 

para-Anisidine 

Anthanthrcne 

Anttiophyllile (see Asbestos) 

Anthracene 

Amhranilic atitl 

Anthraquinoncs 

Antimony trioxide 

Antimony trisulfidc 

ANTU (see UNaphthylthiourea) 

Apholste 

^circi-Aramid fibrils 
Aramitc® 

Are;n ruit (tee Betel quid) 

Arislolochia species (see also Traditional herbal medicines) 
Aristolochic acids 

/Visanilic acid fcw Arsenic and arsenic compounds) 

Areenic arid arsenic compuunds 


Arsenic pentoxide (see Arsenic and arsenic compounds) 
Arsenic sulfide (see Arsenic and arsenic compounds) 
Arsenic irioxide (see Arsenic and arsenic compounds) 
Arsine (w Arsenic and arsenic compounds) 

Asbestos 


Airazine 

Attapulgite (see Palygorakite) 

Auramine (technical-grade) 

Auramitts, manuracture of (tee also Auramine, technical-grade) 

Aurothioglucose 

Azacitidlnc 

5-AzacytldjneJsee Azacilidine) 

Azaserine 

Azathioprine 

Azindine 

2-()-Aziridinyl)ethstiol 
Aziridyl benzoqumune 
Azobenzene 
AZT (see Zidovudine) 


Barium chromate (see Chromium and chromium compounds! 
Bask chromic sulfate (see Chromium and chromium compounds) 
BCNU (sec Bischloroelhyl nitrosourea) 
lienz[a]acridine 


1421 

27,63(1®): Suppl. 7,57 (1987); 
77,49(1999) 

27.65(1982); %/■ 7,57(1987) 
32,95 (1983): Suppl. 7,57(1987) 

22,105 (1983); Suppl. 7,57 (1987) 
16 ,265 (1978); Suppl. " 57 (1987) 
J2,129 (2002) 

47.291(1989) 

47, 291 (1989) 

9,31 (1975); Suppl. 7,57(1987) 
68,409(1997) 

j, 39 (1974); Suppl 7,57 (1987) 

62,69(2002) 

52.69(2002) 

/, 41 (1972); 2, 48 (1973); 
27,39(1980); Suppl 7,100(1987) 


2,17 (1973) (corn 42.252); 

M (1977) (core. 42. 256); Suppl A 
106 (1987) (COir. 4;. 2S3) 

53,441 (1991); n. 59 (1999) 

1,69 (1972) (core. 42,251); 

Suppl. 7,118 (1987) 

Suppl 7, IIS (1987) 

13,39 (1977); Suppl. 7,57(1987) 
2d, 37 (1981); Suppl. 7,57(1987); 

10.47 (1990) 

10 ,73 (1976) (eon. «,255); 

Suppl. 7,57 (1987) 

26 .47 (1981); Suppl 7,119(1987) 
P.37(1975); Suppl. 7,58(1987); 
71,337(1999) 

9, 47 (1975); Suppl. 7,58 (1987) 

P, J1 (1975 )■. Suppl 7,58 (1987) 

8 ,75 (1975), Suppl. 7.58 (1987) 


32.123 (1983): Suppl. ". 58 (1987) 
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Benz[c]aiTidine 

Bcnzal chloride (see also a-Chlorinated toluenes and benzoyl chloride) 

Benz[a]anihmcene 

Benzene 


Benzidine 

Benzidine-based dyes 
Benzol 6J fluoranthene 

Bcnzo[/Jfhiorantft;ire 

Benzofluoranthene 

Benzo|^A/|Duoranthene 

Benzo(«]fluoime 

13enzo[6]fluuTenc 

Benzo[c]f1uortnc 

Senzofiiran 

BenzofyTiflpetylene 

Benzo[<-)phcnairthn:ne 

Biiizo[a)pyie»e 

KrtizoMpyrcnc 

1.4- Benzoquinone (see jzara-Quinonel 

1.4- Benzoquiiione diuxirnt; 

Benzotnchloride (see also o-Oitoiinated toluenes and benzoyl chloride) 
Benzoyl chloride (see also u-Chlorinaled toluenes and benzoyl chloride) 
Benzoyl peroxide 
Benzyl acetate 

Benzyl chloride (see also a-Chlorinated toluenes and benzoyl chloride) 
Benzyl violet 4B 

Benrandiie (see Beryllium and betyliium compounds) 

Beryllium and beryllium compounds 

Beryllium acetate (sec Beryllium and beryllium compounds) 

Beryllium acetate, basic (see Beryllium and beryllium compounds) 
Beryllium-aluminium alloy (see Beryllium and beryllium compounds) 
Beryllium carbonate (see Beryllium and beryllium compounds) 

Beryllium chloride (see Beryllium and beryllium compounds) 
Beryllium-copper alloy (see Beryllium and bervllium compounds) 
lleryllium-coppcr-cnhall alloy (tee Beryllium and beryllium compounds) 


241 (1973); 32, 129(1983); 
Suppl. 7,58(1987) 

79,64 (1982); Suppl. 7, W8 (1987), 
72,453 (1999) 

3,45(1973)37,135 (1983) 

Suppl 7.58 (1987) 

7 ,203 (1974) (nut 42, 254); 29. 

93. 391 1 1982): Suppl. 7 .120 
(!9K’l 

(,8(111972); 29 : 149. 591 (1982): 
Suppi. 7,123(1987) 

Suppl 7 ,125 (1987) 

3.69(1973); 32,147 (1983); 

Suppl. 7,58(1987) 

5,82 (1973); 32,155(1983); 

Suppl. 7,58(1987) 

32. 163 (1983); %yrl. 7,58(1987) 
32, 171 (1983); Suppl. 7,58(1987) 
32, 177 (1983); Suppl. 7,58(1987) 
52,183 (1983); Suppl. 7 .58 (1987) 
32, 189 (1983); Sapp/. 7,58 (1987) 
63,431 (1995) 

32. 195 (1983); Suppl 7,58(1987) 
32,305 (1983); Suppl. 7 .58 (1987) 
3,9111973), 52.211 (1983) 

(eon 66'. 477): Suppl 7 .58 (1987) 

3. 15~ir973|; 32.225 C9f!3); 

Suppl. 58 (1987) 

29.185(1982); Suppl. 7.58(1987); 
71. P5I (1999) 

29, 73 (1982); Suppl. 7. 148 (1987); 
77,453 (1999) 

29, S3 (1982) (core 42.261); 

Suppl. 7, 126 (1987); 77,453(19991 
36. 26” (1985); Suppl. 7,58(1987): 
71, 345 (1999) 

40. IOid®); Suppl. 7.58(1987); 
71, 1255 (1999) 

77,217 (1976) (corr. 42,256):29. 

49 (1982); Suppl. 7.148 (1987): 
77.453(1999) 

16. 153(1978); Suppl. 7.58(1987) 

7,17(1972); 23,143(1980) 

(corr. 42, 260). Suppl. 7.127 
(I987C 58, 41 (1993) 


Beryllium tluunde (see Beryllium and beryllium compounds) 
Beryllium hydroxide (see Beryllium and beryllium compounds) 
Beiylliurn-nitlccl alloy (see Beryllium and beryllium compounds) 
Beryllium oxide (sec Beryllium ami beryllium compounds) 
Beryllium phosphine (see Beryllium and beryllium compounds) 
Beryllium silicate (see Beryllium and beryllium compounds) 
Beryllium sulfate (see Beryllium and bciy llium compounds) 

Beryl ore (see Beryllium and beryllium compounds) 

Betel quid 


Betel-quid ehewinn (see Betel quid) 

BHA (see Butylated hvdroxyanisole) 

BHT (are Butylated hydroxytoluetie) 

Bis(l aziridinyljmoipliolinophnsphine sulfide 
22-Brs(brorrromet)iyl)propane-l ,3-diol 
Bis(2-cblo;oethyl)ether 

A7. ,V-Dis(2-chloroethyI}-2-naphthy lain ine 

Bischloroetbyl nitrosourea (see also Chloroetbyl nitrosoureas) 
1 , 2 -Bi i( chi ornmtLtiuxy)ethan£ 

1,4-Bis(cblommcthoxynrethyl)benzene 

Bis(chlorometbyi)etlier 


| B is(2 -chic ro-1 -m ethyl sri h yl>eih er 


Bisl’d-ercixycycinpentyljether 
Bisphcnol A diglycidvl ether (see also Olycidyl ethers) 
Bisulfues (see Sulfur dioxide and some sulfite, bisultllcs and 
metabisulfites) 

Bitumens 

Bleomycins (see aha Etoposide) 

Blue VRS 

Boot tuid shoe manufacture and repair 
Bracken fern 

Brilliant Blue FCF. disodium salt 

Brnraochloroacctonimle (see also Hslosenated acetonitriles) 

Bromodichloromethane 

Bronaetltanf 

Bnirrmfonn 

1 . 3 - Butadiene 

1.4- ButunediDl dimeihanesulfonaie 
n-Butyl acrylate 

Butylated hvdroxyanisole 
Buwlaicd hvdroxytoiuene 
Butyl benzyl phthalate 


37,141 (1985); Suppl 7,128 
(1987) 


9,55(1975); Suppl. 7, 58(1987) 
77,455 (2000) 

9. 117 (1975): %>i 7,58(1987); 
77, 1265(1999) 

4, 119 (1974) (corr. 42, 233); 

Suppl 7, 130(1987) 

2d, 79(1981); Suppl. 7,150(1987) 
75, 31 (1977); Suppl. 7,58(1987); 
77,1271 (1999) 

15, 37 (1977); Suppl. 7 ,58 (1987); 
77, 1273(1999) 

4.231 (1974) (corr, 42. 253); 

Suppl 7, 131 (1987) 

41 .149 (1986). Suppl 7,59(1987): 
71. 1275(1999) 

47 .231 (1989); 77,1281 (1999) 

71, 1285 (1999) 


35, 39 (1985); Suppl. 7. 133 (1987) 
26,97(1981 );Suppl 7,134(1987) 
76, 163 (1978); Suppl. 7,59(1987) 
25,249(1981); Suppl. 7,232 
(1987) 

40. 47(1986); Suppl. 7,135(1987) 
76, 171 (1978) (can 42, 257): 
Suppl 7, 59(1987) 

77,1291 (1999) 

52,179(1991); 71, 1295 (1999) 

52,299 (1991); 71,1305 (1999) 

52, 213(1991); .71,1309 (1999) 

39, 155 (1986) (corr, 42 ,264 
Suppl. 7, 136 (1987); 54,237 
(1992); 71,109 (1999) 

4 ,247 (1974); Suppl. 7, 137(1987) 
39,67 (1986); Suppl. 7,59(1987); 
71,359(1999) 

40 ,123 (1966); Suppl. 7,59(1987) 
40 ,161 (1986); Suppl. 7, 59 (1987) 
29 ,193 (1982) (con 42, 261); 
Suppl. 7,59(1987); 73.115 (1999) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 


3006392703 


1424 


1ARC MONOGRAPHS VOLUME 83 


CUMULATIVE INDEX 


1425 


(LButyrolaetone 

73,2 25 (1976); Suppl. 7,59 
(1987); 77, 1317 (1999) 

y-Rutyrolactone 

37,231 (my,Suppl 7,59 
(1987); 73, 367(1999) 

C 

Cabinet-making (reeFurniture and cabinet-making) 

Cadmium acetate te Cadmium and cadmium compounds) 

Cadmium and cadmium compounds 

2, 74(1973); 11, 39 (1976) 

1 corr. 42,255)', Suppl. 7 ,139 
(1987); 56,119(1993) 

Cadmium chloride (see Cadmium and cadmium compounds) 

Cadmium oxide (sec Cadmium and cadmium compounds) 

Cadmium sulfate (jee Cadmium and cadmium compounds) 


Cadmium sulfide (jcc Cadmium and cadmium compounds) 

Caffeic acid 

56, 115 (1993) 

Caffeine 

SI, 291 (1991) 

Calcium arsenate (see Arsenic and arsenic compounds) 

Calcium chromate (see Chromium and chromium compounds) 

Calcium cyclamate (see Cyclatnates) 

Calcium saccharin (see Saccharin) 

Cantharioin 

70,79 (1976); Suppl. 7.59(19871 

Caprolactam 

19, 1)5(1979i -orr.a ' "'M' 

39 .247 (198t),oorr CM. 
Suppl. 7. 59.399 (198” '3.38) 
(1999) 

Captafol 

53,353 (1991) 

Captan 

SO, 295 (1983); Suppl. 7,59(1987) 

Cmburyl 

72,37 (1976); Suppl. 7.59(1987) 

Carbazole 

32,239(1983);Sapp/ 7.59 
(1987); 7/, 1319 (199?) 

3-Cafbethaxypsnralen 

49. 317(1986); Suppl 7.59(1987) 

Carbon black 

3,22 (1973); 33, 35 (19841; 

Suppl 7,142 (1987); 65 .149 
(19%) 

Carbon tetrachloride 

7,53 (1972): 2(7,371 (1979); 


Suppl. 7,143 (1987); 77,401 
(1999) 

Caimoisine 

S,83 (197J);7. 59 (1987) 

Carpentry and joinery 

25, 139 (1981); Sup/r/ 7,378 
(1987) 

Carrageenan 

10, 181 (1976) (corr. 42, 255); 37. 
79 (1983); Suppl. 7. 59(1987) 

Cassia occidentalis (see Traditional herbal medicines) 

Catechol 

75, 155 (1977); Suppl. 7,59 
(1987); 77,433 (1999) 

CCbiTJ (see l-(2-Chlorocthyl)-3-cyclohexyl-] -nitrosourea) 

Ceramic fibres (fee Man-made vitreous fibres) 

Chemotherapy, combined, including alkylating agents Lee MOPP and 
other combined chemotherapy including alkylating agents) 

Chloral 

63. 24.5(1995) 

Chloral hydrate 

63.245(1995) 


i. Chlorambucil 

Chloramphenicol 

v 'Chlordane (.we also Chlordane/Heptachlor) 

Chiordane and Heptachlor 

Chlordecone 
Chlordimefomt 
Chlorendic acid 

. Chlorinated dihcnzodioxins (other than TCOD) (see also 

Polychlorinated dibcnzc-fff'a-iliouiis) 

I Chlorinated drinking-water 

? Chlorinated paraffins 

a-Chlorinated toluenes and tenzoyl chloride 

~ Cblormadinone acetate 

! 

L 

j- Chlomaphazine (see V Mis(2-chloroethyl)-2-naplitliylaminc) 

| ciiloroacetonitrile (sec also Halogenated acetonitriles) 

I poro-Qiloroaniline 

- C htorobenzi late 

| Chlorodibromomcthane 

• CAlon'dilluoromcthiine 

1 

Chlorudliane 

t: 1 -(2-Chloruefhyl)-3-cydcihcxyl-1 -nitrosourea (six also Chloroethyl 

fiiirosoureas) 

1 -(2-Chlorocthyl)-3-(4-methylcyclohexyl)-l -nitrosourea (.tec also 
Chloroethyl nitrosoufeas) 

Chloroethyl nitrosoureas 
Chlorofluoromelhane 

Chloroform 

| Chloroniethyl methyl ether (technical-grade) (see a Iso 

Bis(ch!oromelhyl}ether) 

(4-Chlwo-2-methylphenuxy)acfitic acid MCPA) 

I l-Chlorc-2-methylpmpere 

!* 3-CUi>ro-2-mtthylpropene 

? 2-Chloronitrobenzene 

i J-Chloronitrobeiizene 

4-Ch loron i tro benzene 

Chlomphenols (see also Polychlorophenols and their sodium salts) 
j Chlorophenols (occupational exposures to) 

i CNorophciwxy herbicides 

Chloruphenoxy herbicides [occupational exposures to) 

4-Chloro-ocrto-pliaiylenedianiine 

4-Oiloro-mcro-phenylenediamine 


9, 125(1975): 26.115(1981)1 
Suppl 7, 144(1987) 

!0 ,85 (1976), Suppl 7,145 
(1987); 56,169 (1990) 

26.45 (1979) (con: 42,258) 

Suppl- 7,146 (1987); 53,115 
(1991); 79. 411 (2001) 

20 ,67 (1979); Suppl. 7 ,59 (1987) 
id, 61 (1983); Suppl. 7 ,59 (1987) 
4$, 45(1990) 

IS, 41 (1977); Suppl. 7,59(1987) 

52.45 (1991) 

48, 55(1990) 

Suppl 7, 148(1987); 71. 453 
(1999) 

6, 149 (1974); 21 ,365 (1979); 
Suppl 7,291,301 (1987); 

72,49 (1999) 

71, 1325 (1999) 

57,305 (1993) 

5, 75(1974); SO, 73(1983); 

Suppl. 7,60(1987) 

52,243 (1991); 77,1331 (1999) 

41, 33711986) (core SI, 483); 
Suppl. 7 149 (1987); 71 .1339 
(1999) 

52,315 (1991); 71. 1345 (1999) 

26, 137 (1981) (eotr 42. 260); 
Suppl 7. 150(1987) 

Suppl. 7,150(1987) 

Suppl. 7, 150(1987) 

41 ,229 (1986); Suppl. 7,60 
(1987); 7/. 1351 (1999) 

1 ,61 (1972); 2d, 401 (1979); 

Suppl. 7, 152 (1987); 73, 131 
(1999) 

4, 239 (1974); Suppl. 7,131 (1987) 


65,315(1995) 

63,325(1995) 

65.263(1996) 

65,263 (1996) 

65,263 (1996) 

Suppl. 7,154 (1987) 

41. 319(1986) 

Suppl 7. 156(1987) 

47,357 (1986) 

27.81 (1982); Suppl. 7. 60(1987) 

27.82 (1982); Suppl. 7,60(19871 
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Chloroprene 

Ch loroprop ha rn 
Chloroquinc 

Chlorothslonil 


pm'u-Chlnro-nrrlio-toluidine and its strong acid salts 
(see abo Chlordimelorrn) 

4-Chloro-flniKM(tliii(|inc (see prtra-chloro or/hn-ioluidme) 
SChloro-wria-lolmdine 

Chloroiriaiiiseirc (see also Nunsieruidal oestrogens) 

2-Chloto-U.l-trifluoroethane 

Chlorozotocin 

Cholesterol 

Chromic acetate {see Chromium and chromium compounds) 
Chromic chloride {see Chromium and chromium compounds) 
Chromic oxide (see Chromium and chromium compounds) 
Chromic phosphate (see Chromium and chromium compounds) 
Chromite ore (see Chromium and chromium compounds) 
Chromium and chromium compounds (see also Implants, surgical) 


Chromium carbonyl law Chromium ami chromium compounds) 
Chromium potassium sulfate (see Chromium and chromium compounds) 
Chromium sulfal: (are Chromium and chromium compounds) 

Chromium uiosidc (ret Chromium and chromium compounds) 
Chrysazin (sec Damron) 

Chrysene 

Chrysnidine 

Chrysolite (swi Asbestos) 

Cl Acid Orange 3 
Cl Acid Red IN 

Cl Raw Red 9 (see aka Magenta) 

Ciclosporin 
Cl Dirccl Blue IS 

Cl Disperse Yellow 3 (see Disperse Yellow 3) 

Cimelidine 
Cinttamyl anthranilsle 

Cl Pigment Red 3 

Cl Pigment Red 53:1 (see D&C Red No, 9) 

Cisplatin (see also Eloposide) 

Citrinin 

Citrus Red No. 2 

ClinoptilolilC l.'W Zeolites) 

Clofi brute 


19, 131 (1979); Suppl. 7 .160 
(1987); 7/, 227 (1999) 

12, 55 (1976), Suppl. 7,60(15;-.-. 

13, 47 (1977); Suppl 7. 60 (llrbij 
30,319 (1983); Suppl. 7,60(1987); 
73. 183 (1999) 

16 .277 (1978); 30 ,65 (1983): 
Suppl 7 ,60 (1987);48. 123 
(1990); 77,323 (2000) 

77, 341 (2000)" 

21, 139 (1979); Suppl. 7,2RI) 
(1987) 

41 .253 (1986); Suppl. 7,60 
(1987); 71.1355 (1999) 

59.65 (1990) 

10,99 (1976); 31,95 (1983); 

Suppl 7, 161(1987) 


.7.100(1973); 23.205 (19801; 
Suppl. 7.165 (1987): 49. 49 (1990) 
(core 51. 483) 


3, 159(1973); 32, 247(1983); 
Suppl. 7,60 (1987) 

S, 91 (1975); Suppl. 7, 169 (1987) 

57, 121 (1993) 

57,247(1993) 

17,715(1993) 

50, 77(1990) 

57.235(1993) 

50.235(1990) 

16 ,287 (1978); 31, 133 (1983): 
Suppl 7,60(1987); 77, 177 (2000) 
57,259(1993) 


26, 151 (1981); Suppl. 7,170 
(1987) 

40.67(1986); Suppl. 7,60(1987) 
#, 101 (1975) (corn 42, 254); 
Suppl. 7,60 (1987) 


24 ,39 (1980); Suppl 7,171 
(1987); dd, 391 (1996) 


¥ 


f 


Clomiphene citrate 


Clonorchis sinensis (in lection with) 

Coal dust 
Coal gasification 

Coal-tar pitches (pee also Coal-tars) 

Coal tars 

CoballjlU] acetate (see Cobalt and cobalt compounds) 
Cobalt-alummium-chromuim spinel (see Cobalt and cobalt compounds) 
Cobalt and cohali compounds (see also Implants, surgical) 

Cobahfll] chloride (.«c Cobalt and cobalt compounds) 

Cobalt-chromium alloy (iff Chromium and chromium compounds) 
Cobalt-chromium-molybdenum alloys (see Cobalt and cobalt compounds) 
Cobalt metal powder (see Cobalt and cobalt compounds) 

Cobalt napbthenale (see Cobalt and cobalt compounds) 

Cobaltflll oxide (see Cobalt rad cohalt compounds) 

Cobalt[U,IH] oxide (see Cobalt and cobalt compounds) 

CobaltfTI] sulfide (sec Cobalt and cobalt compounds) 

Coffee 

Coke production 


21, 551 (1979); Suppl. 7,172 
(1987) 

61, 121 (1994) 

68, 337(1997) 

34 ,65 (1984); Suppl. 7, 173 (1987) 
35, 83 (1985); Suppl. 7,174 (1987) 
35. 83 (1985); Suppl. 7, 175 (1987) 


52, 363 (1991) 


51,41 (1991) (corn 52,313) 
54,1(11 (1984); .Suppl. 7, 176 
(1987) 


Combined oral contraceptives (see Oral contraceptives, combined) 

Conjugated equine oestrogens 

Conjugated oestrogens (see also Steroidal oestrogens) 


72,399(1999) 

21, 147(1979); Suppl. 7,283 
(1987) 


Continuous glass tilamcm (see Man-made viueous fibres) 
Contraceptives, oral (scf Oral contraceptives, combined; 

Sequential oral contraceptives) 

Cupper 8-bydrnxyqriinolipe 

Coroncne 

Coumarin 

Creosotes (ice also Coal-tars) 

meto-Cresidinc 

pura-Cresidine 

Crisiobalite (see Crystalline silica) 

Crocidolite (see Asbestos) 

Crotonaldehyde 
C rude oil 

Crystalline silica (see also Silica) 


Cycasin (see also Methylazoxymethanol) 
Cyclamates 


15, ]03(1977); Suppl ", 61 (198/! 
32 ,263 (1983); Suppl. 7,61 (19S7) 
10 ,113 (1976); Suppl. 7,61 
(1987): 77, 193 (2000) 

35. 83 (1985); Suppl. 7. 177 (1987) 

27.91 (1982); Suppl. 7. 61(1987) 

27.92 (1982); Suppl 7,61(1987) 


6S. 373 (1995) (am 65, 549) 

45, 119(1989) 

42.39 (1987); Suppl. 7,341 
(1987); 65,41 (1997) (conr. SI, 
383) 

1. 157 (1972) (core 42,251); 10. 
121 (ISMSuppl. 7, 61 (1987] 

22, 55(1980); Suppl. 7, 178(1987); 
73,195(1999) 


Cyclamic acid (see Cyclamates) 

Cyclocblorotine 

Cyclohexanone 

Cyclohexylamine (see Cyclamates) 

CyclopentaNlpyrene 

Cyclopropane (see Anaesthetics, volatile) 

Cyclophosphamide 


10,139 (1976); Suppl. 7,61(1987) 
47,157 (1989); 71. 1359 (1999) 

32,269 (1983); Suppl. 7,61 (1987) 

9. 135 (1975); 76. 165(198!); 
Suppl. 7. 182 (1987) 
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Diepoxybutane (see aha 1,3-Butadicne) 

II. 115 (1976) (mrr 42, 255); 
Suppl 7,62(1987); 71, 1(19(1.9.99) 

Diesel and gasoline engine exhausts 

46,41 (1989) 

Diesel fuels 

4J, 219 (1989) (com 47,505) 

Diethanolamine 

77,349(2000) 

Diethy] ether (wr Anaesthetics, volatile) 

D i(2-eih y Ihexy 1) adipate 

29,257 (1982); Suppl 7.62 
(1987); 77.149 (2000) 

Di(2-cthylhexyl) phthaljite 

79. 269 (1982) (con: 42. 261); 
Suppl. 7,62 (1987); 77.41 (2000) 

1.2-Diethylhydrazinc 

4. 153 (1974): Suppl. 7.62(1987); 
7!. 1401 (1999) 

Dieihy 1st s lbocsirol 

6,55(1974); 21, 173 (1979) 

(car. 42. 259); Suppl 7,273 
(1987) 

Diethylstilboestrol dipropionalc (see Dielhylstilboestrol) 

Diethyl sulfate 

4 .277 (1974); Suppl. 7 ,198 
(1987); 54 ,213 (1992); 71 ,1405 
(1999) 

VpY-Diethylthiourca 

79,649 (20011 

Diglycidy] resoidno! ether 

li, 125 (1976); 36. 181 (1985); 
Suppl. 7 ,62 (1987); 71 ,1417 
(1999) 

Dihydrosafrole 

2,170(1972); 20,233(1976) 

Suppl 7.62 (1987) 

1.8-Dihydroxyanthraqumone (see Dantron) 

Dihydroxvbenzenes (see Catechol; Hydroquinonc; Resorcinol) 

1.3 - D i hy d roxy - 2 -hydro xy m thy J a n ih ra q u i n 

53. 129(7002) 

Dihydroxymethylftiratrizine 

-X 77 (1980): Suppl. 7.62(1987) 

Diisopropvl sulfate 

.54.229 (1992); 72.1421 (1999) 

Dimethisterone (see also Progeslins: Sequential oral contraceptives) 

6 .167 (1974); 22,377 (1979)) 

Dimethoxane 

IS. 177 (1977); Suppl. 7,62(1987) 

3,3 -Dtmethoxyben/idjne 

4.41 {1974); Suppl. 1, 198 (1987) 

3.3 '-D i methoxy benzidine A ,4'-di i socyanate 

39 ,279 (1986); Suppl. 7,62(1987) 

para-V i methy 1 am i noazobenzenc 

5.125 (1975); Suppl. 7. 62 (1987) 

/rara-Dimethylaminoazobenzenediazo sodium sulfonate 

5,147 (1975); Suppl. 7,62 (1987) 

- 2 - [ (Di methyl am ino)methyiiraino]-5-[2-< 5-nitro-2-fury 1 )- 

7,147 (1974) (coir. 42,253); 

vinyl]- 1,14-oxadiazole 

Suppl. 7 ,62 (1987) 

4,4'-Dimethylangelicin plus ultraviolet radiation (see also 

Suppl. 7.57 (1987) 

Angelicin and some synthetic derivatives) 

4,5^-Dimethylange 1 icir plus ultraviolet radiation (see also 

Suppl. 7, 57 (1987) 

Angchcm and some synthetic derivatives) 

2.6-Dimethylanilir>e 

57 ,325 (1993) 

A.A'-Dimethylanilinc 

.57,337(1993) 

Dimethylarsmic acid (see Arsenic and arsenic compounds) 

3.3'Ditnethylbenzidme 

LVUm-.Suppl. 7,62 (1987) 

Diraethylcarbamoyl chloride 

72,77 (1976): Suppl. 7 ,199 
(1987); 71. 531 (1999) 

Dimetbylfomtamide 

47,171 (1989); 72,545 (1999) 

1,1-Dimethylhydrazine 

4, 137 (1974); Suppl. 7, 62(1987): 

71 ,1425 (1999) 

1.2-Dimethyl hydrazine 

4,145 (1974) (corr.42. 253); 

Suppl. 7, 62 (1987): 77. 947 (1999) 

Dimethyl hydrogen phosphite 

48. 85(1990); 72,1437 (1999) 


1.4- D Lmcthy lphcnanthrenc 
Dimethyl sulfate 

3,7-D initrofluorantheTic 
3.9-Dinitrofluoranthene 
r - 1,3-Dimtropyrene 

I.O-Dinitropyrefie 
’..8-Dinilropyrene 

DinirrosiipentamethvIctielelTaniine 

2.4- Dinitrotoliienc 
3.6-Din itrotol u cn e 
3,5 -D initrotoluene 

t 1,4-Diuxaire 

i 2.4'-Diphenyldiamine 

| Direct Black 38 (see also Benzi dinc-tosed dyes) 

} Direct Blue 6 (see also Benzidine-based dyes) 

|; Direct Brown 95 (sec also Benzidine-based dyes) 

| Disperse Blue 1 

r Disperse Yellow 3 

f Disulfirain 

k Dithranol 

Divinvl ether (see Anaesthetics, volatile) 
i Dosefazepam 

Doxvlaininc succinate 
' Diotosifene 

4 Dr. cleaning 

1 Dulein 


32. 349 (1983); Suppl. 7, 62 (1987) 
4, 271 (1974); Suppl 7, 200 
(1987): 71, 575 (1999) 

46. 189 (1989); 51297 (1996) 

46. 195(1989); 45,297 (19%) 

46, 201(1989) 

46. 215 (1989) 

33.17! (!9 ; -' Suppl. 7,63 
(1987): 46. 231 (1989) 

11, 241 't ,: ■ i s.',-.' ’ 631'987) 

65,30- • .; to ■- 

6.5.7 • i ' ■■ ' 

65.309(1 

//, 247(1;, b,.Suppl 1 ,201 
(1987), 72,589(1999) 

26. 313 (1978); Suppl 7,63 (1987) 
39 395 (1982) (core 42. 261) 
29,311 (1982) 

29 321 (1982) 

48. 139(1990) 

5,97(1975); Suppl. 7,60(1987); 
48, 149(1990) 

12, 85 (1976); Suppl. 7, 63 (1987) 

13, 75 (1977); Suppl. 7,63 (1987) 

66,97 (1996) 

79. 145 (2001) 

66.24111996) 

63. 33 (1995) 

13. 9"(1976); Suppl. 7, 63 (1987) 


F.ndrin 

Enilurane (see Anaesthetics, volatile) 
Hnsin 

Epichlorohydrin 


cyclohexane carboxylate 
cis-9,10-Epraystearic acid 

Epstein-Bair virus 
d-Equi!enin 
Equilin 
Erionitc 

Estazolam 

Elhinyloeslradinl 


5.157 (1974); Suppl. 7 ,63 (1987) 

IS. 183 (1977); Suppl. 7,63(1987) 
U, 131 (1976) (core 42,256); 
Suppl 7,202(1987); 7/, 603 
(i999) 

47.217(1989); 77,629(1999) 

II. 147(1976); Suppl 7.63 
(1987);'/. 1441 (1999) 

II, 153 (1976); Suppl- 7,63 
(1987); 71, 1443 (1999) 

70,47 (1997) 

72.399 (1999) 

72.399 (1999) 

42 .225 (1987); Suppl. 7 .203 
(1987) 

66 .105 (1996) 

6, 77 (1974k 21 ,233 (1979), 

Suppl. 7, 286(1987); 72.49 (1999) 


1,2-Epoxybutane 

l-Epoxyethyl-3,4-epoxycycIohexane (see 4-Vinylcyclobexeae diepoxide) 

3.4-F.poxy-6-me%lcydohexylmethyl3,4-ep(wy-6-nicthyl- 
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Fihionamide 
F.thyl acrjlate 


Ethylbenzene 

Ethylene 


Ethylene dibromide 
Ethylene oxide 


Ethylene sulfide 
Ethylenethiourea 

2-Ethylhexyl acrylate 
Ethyl methancsulibnate 
A'-Ethyl-.V-nitrosoLirca 

Ethyl selenac (tee also Selenium and selenium compounds) 
Ethyl lellurac 
Ethynodiol diacetate 


Eteposide 
Eueennl 
Evans blue 

Extremely low-frequency electric fields 
Extremely low-frequency magnetic fields 


F 

F ast Green FCf 
Fenval crate 
Ferbam 

Ferric oxide 

Ferrochromium (see Chromium and chromium compounds) 
Elunmeturon 

Fluoranthene 

Fluorene 

Fluorescent lighting (exposure to) (tee Ultraviolet radiation) 
Fluorides (inorganic, used in drinking-water) 

5-Fluorouracil 

Fluorspar (.fee Fluorides) 

Fluosilicic acid ( fee Fluorides) 

Flurnxcnc (see Anaesthetics, volatile) 

Foreign bodies 


73,83 (1977); S w 7. 7,63 (1987) 
19, 57 (1979); 39. 81 (1986); 
Suppl 7. 63 (1987); 71, 1447 
(1999) 

77,227 (2000) 

19, 157 (1979); Suppl. 7, 63 
(1987): 60.45(1994); 71. 1447 
(1999) 

75. 195 (1977); Suppl 7,201 
(1987); 71. 64111999) 

II, 157(19761:54.189 (1985) 
(airr. 42, 263): Suppl. 7,205 
(1987): 60,73(1994) 

11, 257 (1976): Suppl. 7,63(1987) 
7.45 (1974): Suppl 7,207 (1987); 
79,659(2001) 

69, 475 (1994) 

7, 245 (1974); Suppl 7, 63 (1987) 
1 ,135 (1972); 77. 191 (1978); 
Suppl. 7,63 (1987) 

72,107 (1976); Suppl. 1, 63 (1987) 
72, 115 (1976);%)/, 7,63(1987) 
6.173 (1974): 27.387 (1979); 
Suppl. 7.2‘)2 (1987); 72,49 
(1999) 

n, 177(2000) 

5475 (19851:5'% 7,63 (1987) 
S, 151 (1975);.%. 7,63(1987) 
SO (2002) 

SO (2002) 


76.187 (1978): Suppl 7,63 (1987) 
55, 309(1991) 

12 ,121 (1976) (com 42, 256); 
Suppl. 7. 63 (1987) 

7,29 (1972); %i 7,216 (1987) 

30,245 (1983):%/. 7,63 (1987) 
37 ,355 (1983); Suppl 7,63 (1987) 
32.365 (1983); Suppl 7 ,63 (1987) 

27, 237 (1982); Suppl. 7,208 
(1987) 

26, 217 (1981): Suppl. 7,210 
(1987) 


74(1999) 


. 


Formaldehyde 


2-(2-Formylhydrazino)4-(5-iiltm-2-fur)l)thiazolc 

Frasemtde (see Furoscmide) 

Fuel oils (healing oils) 

Fumonisin B, (sM also Toxins derived from Fusarium momliforme) 
Fumonisin B, (see Toxins derived from Fusarium mniliforme) 
Turn 

Futaailidonc 

Furfural 

Fumiltire and cabinet-making 
Furosetnide 

2■ (2-Fur>'l)-3-(5-nitro-2-furyl)acry1 amitie (see AF-2) 
fUSartnon-X (see Toxins derived from Fusarium grammeamm, 

F. culmorum and F. crookwelhuse) 

Fusarenone-X (see Toxins derived from Fusarium grmmamm, 

F. cutmonm and F. rmokwellme) 

Fusarin C (sec Toxins derived from Fusarium momtijorme) 


29 .345 (1982); Suppl. 7,211 
(1987); 62 ,217 (I995)(<w 65, 
549; com 6(5,485) 

7,151 (1974) ( eon. 42, 253): 

Suppl. 7,63 (1987) 

45,239 0 989) (car 47.505) 
42.301 (2002) 

63,393 (1995) 

37.14] (1983): Suppl. 7 .63 (!987) 
63,409 (1995) 

25,99(1981);%/. 7,380(198?) 
50,277(1990) 


G 

Gamma (yl-radinrion 
Gasoline 

Gasoline engine exhaust (see Diesel snd gasoline engine exhausts) 
Gemfibrozil 

Glass fibres (see Man-made mineral fibres) 

Glass manufacturing industry, occupational exposures in 
Glass wool (see Man-made vitreous fibres) 

Glass filaments (see Man-made mineral fibres) 

Glu-P-1 

Glu-P-2 

L-Glutamie acid, 5-)2-(4-hydtoxymethy I )phcnyI ftydraz i de] 

(sceAgariime) 

Glycidaldchyde 

Glycidtd 
Glycidyl ethers 

Glycidyl oleate 
Glycidyl stearate 
Gristofulvin 

Guinea Green B 
Gyromitnn 


75,121(2000) 

45 .159 (1989) (con. 47, 505) 
66,427 (1996) 

56,347 (1993) 


40 .223 (1986); Suppl 7,64(1987) 
40 ,235 (1986); Suppl. 7.64 (1987) 


77,175 (19761: Suppl. 7,64 
(1987); 77. 1459 (1999) 

77.469 (20001 

47,237(1989); */, 1285,1417, 
1525, 1539(1999) 

II, 183 (1976): Suppl 7.64(1987) 
77, 187 (1976): Suppl 7.64(1987) 
1(1 ,153 (1976); Suppl. 7. 64, 391 
(1987); 79. 289(2001) 

76, 199(1978); Suppl. 7 64(1987) 
37,163 (1983); Suppl 7 64,391 
(1987) 


H 

Haematite 

Haematite and ferric oxide 


7,29 (1072): Suppl. 7.216(1987) 
Suppl 7216(1987) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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7.29 (1972); %>p/. 7.216(1987) 
*7,43(19931 

16 .29 (1978); 27.307 (1982); 
57,269(1991); 7/, 1325. 1369, 
1375, 1533 (1999) 

57, 129 (1993) 

57, 14.3 (1993) 


57.153 (1993) 

57,159 (1993) 

65, 177 (1994) 

59,45(1994) 

59, 165 (1994) 

59,223 (1994} 

5,173 (1974); 29,129 (1979) 

29,155 (1979); Suppl. 7 ,219 
(1987); 79,493 (2001) 

20, 179 (1979); Suppl. 7,64(1987); 
73,277(1999) 

5,47 (1974), 20 ,195 (1979) 

(corn 42. 25R); Suppl. ' 22(1 
(1987) 


He.\?chlorocyc]ohe.vane. technical-grade (.?<?£ Hexachiftrocydohcxanes) 
H i:\achlotoetJiaTie 

20 .467 (1979); Suppl. 64(1987): 

HevacJilornphaie 

73.295(1999) 

29,241 (1979); Suppl. 7.64(1987) 

Hexa melhylphosph cram i dc 

75.211 (1977); Suppl. 7,64 

Hexocstrol (ice also Nonsteroidal oestrogens) 

(1987); 77.1465 (1999) 

Suppl. 7,279(1987) 

Hormonal contraceptives, progestogens only 

72,339 0 999) 

Human herpesvirus 8 

70,375 (1997) 

Human immunodeficiency viruses 

67, 31 (1996) 

Human papillomaviruses 

64 (1995) (corr. 66.485) 

Human T-ccIl lymphotrapic viruses 

67,261 (1996) 

Hycanthane mesylate 

1). 91 (1977); Supol. -. 64 (1987) 

Hydralazine 

24, 85 (1980); Suppl. 7.222 (1987) 

Hydrazine 

4. 127 (1974); Suppl 7.223 

Hydrochloric acid 

(1987); 77,99l(l999| 

54,189(1992) 

Hydrochlorothiazide 

50 ,293 (1990) 

Hydrogen peroxide 

36,285 (1985); Suppl. 7.64 

Hydroquinonc 

(1987); 77,671 (1999) 

75,155 (1977); Suppl. 7,64 

1 -Hydfoxyamlifaquinoue 

(1987); 77,691 (1999) 

62. 129(2002) 

J-ilydroxyazobeozeoc 

S. 157(1975 )\ Suppl. 7.64(1987) 

17a-Hvdryxvproeesteronc capioate (.*£»? aho Progestins) 

27.399 (1979) (con. 42,259) 

S-Hydroxyquinoline 

12 .101 (1977); Suppl '.64 (1987) 

5 ilydroxysenldrkine 

10 ,265 (1976); Suppl. 7.64(1987) 

Hydroxyurea 

76,347 (2000) 


Haematite mining. underground, With exposure to radon 
Hairdressers and barbers (occupational exposure as) 
Hair dves, epidemiology of 
Halosrenated acetonitriles 

Halothane (see Anaesthetics, volatile) 

HC Blue No. 1 
HC Blue No. 2 

u-HCH (see Hexachlorocvclohcxancs) 
fl-HCH (sec Hesaehlonxyclohexants) 
v-HCH (sec ! lexadrlorocvcloliexanes) 

HC Red No. 3 
HC Yellow No. 4 

Healing oils (see Fuel oils) 

Helicobacter pylori (infection with) 

Hepatitis B vires 
Hepatitis C virus 
Hepatitis D virus 

Heptachlor (see also Chlordanc'Heptachlor) 
Hexachiorobenzene 

Hexachlorobutadiene 

Htxjichlotocydohexancs 


f 


Hypochlorite salts 


52,159(1991) 


I 


;■ i implants, surgical 
’ Indeno[l,2,3-o7]pyrcne 

Inorganic acids (see Sulfuric acid and ether strong inorganic acids, 
occupational exposures to mists and vapours from) 

Insecticides, occupational exposures in spraying and application of 
Insulation glass wool (see Man-made vitreous fibres) 

Involuntary smoking 

Ionizing radiation (see Neutrons, y- and X-radiation) 

i iq 

f. 

Iron anil steel founding 

[V 

sv iron-dextran complex 

i Iron-dextrin complex 

) 

Iron oxide (see Ferric oxide) 

Iron oxide, saocharated (see Saccharated iron oxide) 

Iron sorbitol-citric acid complex 

r lsatidine 

Isoflurane (see Anaesilietits. volatile) 

Isoniazid (see Isonicotinic acid hydrazide) 
i Isonicotinic acid hydrazide 

IsophoSphatnide 
Isoprcnc 

? Isopropanol 

■ Isopropanol manufacture (strong-acid process) 

(see also Jsopropanol; Sulturic acid and other strung inorganic 
acids, occupational exposures to mists and vapours from) 
Isopropyl oils 

Isosafrole 


74,1999 

3,229(1973); 32.373 (1983); 
Suppl. 7,64 (1987) 


53.45(1991) 

53,1189 (2004) 

40,261 (1986); Suppl. 7,64 
(1987); 56, 165 (1993) 

34,133 (1984); .Vu/)/)/, 7,224 
(1987) 

2,161 (mi Suppl. 7,225(1987) 
2,161 (1973) (corr. 42.252); 
Suppl. 7,64 (1987) 


2, 161 (1973); Suppl. 7,64 (1987) 
70,2$9(l97«),5uppf. 7,65(1987) 


4. 159 (1974); Suppl. 7,227 0987) 
26 .237 (i9St): Suppl 7. 65 1 1687) 
6ft215(1994): 77.1015(1999) 

75, 223 (1977); 5iyp/. 7,229 
(1987); 77,1027(1999) 

Suppl. 7.229(1987) 


75.223 (1977); Suppl. 7,229 
(1987); 77,1483 (1999) 
7,169(1972); 70.232(1976); 
Suppl. 7.65 (1987) 


J 

Jacobine 
Jet fuel 

Joinery (i CC CapCllCry and joinery) 


70.275(1976); Suppl. 7.65(1987) 
45.203 (1989) 


K 

Kaernpferol 

Kaposi’s sarcoma herpesvirus 
Kcpone (seeChlordecone) 
Kojic acid 


37,171 (1983V. Suppl. 7,65 (1987) 
70,375 (1997) 

79, 605 (2001) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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L 

Lasiocarpine 
Lauroyl peroxide 

Lead acetate (see Lead and lead compounds) 

Lead and lead compounds {see also Foreign bodies) 


Lead arsenate (iw Arsenic and arsenic compounds) 

Lead carbonate (see Lead and lead compounds) 

Lead chloride (see Lead and lead compounds) 

Lead chromate (see Chromium and chromium compounds) 

Lead chromate oxide {see Chromium and chromium compounds) 
Lead naphthenate {see Lead and lead compounds) 

Lead nitrate (see Lead and lead compounds) 

Lead oxide (see Lead and lead compounds) 

Lead phosphate (see Lead and lend compounds) 

Lead subacetate (see Lead and lead compounds) 

Lead tetroxide (see Lead and lead compounds) 

Leather goods manufacture 

Leather industries 

Leather tanning and processing 

Ledale (see also Lead and lead compounds) 

Levonorgcstn:] 

Light Green SF 
(LLunoncii? 

Lindane (see Hexachlorocyclohexanei) 

Liver Hid es (.«» Cluimrchis sinensis , Opisllimhisfelineus and 
OpisthivcMs viverrini) 

Lucidin (see l J-Dihydro-2-hydroxymethylanthraquinone) 
Lumber and sawmill industries (including logging) 

Luteoskyril) 

Lynocstrotol 


M 

Madder rool (see also Rubin tinclotiwi) 
Magenta 

Magenta, manufacture of (rcc also Magenta) 

Malathion 
Maleic hydrazide 

Malonaldehyde 


70, 281 (1976); Suppl. 7,65(1987) 
36,315 (1985); Suppl. 7,65 
(1987); 77, 1485(1999) 

1,4fi (1977) (nrn 47, 7.51);;, 52, 
150(1973); 12, 13l (1976); 

23,40,208,209,325 (1980); 

Suppl. 7.230(1987) 


25,279 (1981); Suppl. 7.235 
(1987) 

25, 199 (1981); Suppl. 7,232 
(1987) 

2.5,201 (1981); Suppl 7,236 
(1987) 

12, 131 (1976) 

72,49 (1999) 

16 ,209 (1978); Suppl. 7. 65(1987) 
56. 135 (1993): 73.307(1999) 


25.49 (1981); Suppl. 7. 383(1987) 
in, 163 (1976); Suppl 7,65(1987) 
21 ,407 (1979); Suppl. 7.293 
(1987), 72,49(1999) 


R2. 129 (2002) 

4.57 (1974) (con; 42.252); 

Suppl. 7,238(1987);57,215 
(1993) 

Suppl. 7.238(1987);57,215 
(1993) 

30,103 (1983); Suppl. 7,65(1987) 
4,173 (1974) (con. 42.253), 

Suppl. 7,65 (1987) 

56, 163 (1985); Suppl. 7.65 
(1987); 72, 1037 (1999) 


Malondialdehyde (see Malonaldehyde) 

Maneb 

Man-made mineral fibres (see Man-made vitreous Fibres) 

Man-made vitreous fibres 

Mannomustlne 

Male 

MCPA (see also Chloiophenoxy herbicides; Chlorophenoxy 
herbicides, occupational exposures to) 

MeA-a-C 

Medphalan 

Medroxyprogesterone acetate 


Mcgcsirol acetate 
MelQ 


Melphalan 

6-Mercapiupuriiie 

Mercuric chloride (see Mercury and mercury compounds) 

Mercury and mercury compounds 

Merphalan 

Mcstranol 


72,137 (1976); Suppl. 7,65(1987) 

42,39(1988); 81(2002) 

9, 157(1975); Suppl. 7,65 (1987) 
51,273 (1991) 

20,255(1983) 

40,253 (1986); Suppl. 7,65(1987) 
9,168(19751; Suppl. 7,65 (1987) 
6,157(1974); 21,417 (1979) 

(corr. 42,259); Suppl 7,289 
(1987): 72.339 (1999) 

Suppl. 7.293 (1987); 72,49(1999) 
40 .275 (1986); Suppl. 7 .65 
(1987); 56,197 (1993) 

4(3,263 (1986); Suppl. 7,65 (1987) 
56,211 (1993) 

3P, 333 (MSS); Suppl. 7,65 
(1987): 73,329 (1999) 

9, 167 (1975); Suppl. 7,239(1987) 
26,249 (1981); Suppl. 7,740 
(1987) 

58,239 (1993) 

9,169 (1975); Suppl. 7.65(1987) 
6, 87 (1974); 21, 257(1979) 

(am. 42,259): Suppl. 7,288 
(1987); 72,49 (1999) 


Metabisulfiies (see Sulfur dioxide and some sulfites, bisulfites 
and metabisulfiies) 

Metallic mercury tee Mercury and mercury compounds) 

Methanearsowc acid, disodium salt (see Arsenic and arsenic compounds) 
Mdhanearsomc acid, monosodium salt (see Arsenic and arsenic 
compounds 
Methimazole 
Methotrexate 

Methoxsalcn (see 8-Methoxvpsoralen) 

Metboxychlor 

Mflhoxyllurane (see Anaesthetics, volatile) 

5-Melhoxypsoralen 

8-MethOxypsoralen (see also 8-Methoxypsoralcn plus ultraviolet 
radiation) 

8-Methoxypsoralen plus ultraviolet radiation 
Methyl acrylate 


5-Methylangelicin plus ultraviolet radiation (see also Angelica] 
and some synthetic derivatives) 

2-Methylaziridine 


79,53(2001) 

26,267 (1981); Suppl. 7,241 
(1987) 

J, 193 (1974); 2(3, 259 (1979); 
Suppl 7,66 (1967) 

40 ,327 (1986); Suppl. 7,242 
(1987) 

24, 101 (1980) 

Suppl. 7,243 (1987) 

19,52 (1979); 39,99 (1986); 
Suppl. 7,66 (1987); 77,1489 
(1999) 

Suppl. 7,51 (1987) 

9 ,61 (1975); Suppl. 7 ,66 (1987): 
71 ,1497 (1999) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkjOOOI 
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MeiHy!azovymethanoI acetate (ice also Cyeasin) 
Methyl bromide 


Methyl rerr-buty) ether 
Methyl carbamate 

Mcttiyl-CC'll" (.w !-C Chltirftcth'Th.'-M-meih> , lt'ycliihr,\vlV 
I -nitrosourea! 

Methyl chloride 

1- , 2-, 3-, 4-, 5- and kMethylchrysenes 
,V- Methyl-. V, 4- difutrosoan ili ue 
4,4'-Methy!ene bis(2-chloroaniline) 

4,4'-Methylcnc htShV.-V-ihfiiethylttrcnze namine 
4,4'-Meihylene bis(2-met!iyl8niiine) 

4 1 4’-Methy lencclianiline 

4.4'-Methvlcnediphenyl diisocyanatc 

2- Meihylfluonmthene 

3- McthylfluantukrK 
Melhylglyrwal 
Methyl iodide 

Methylmercury chloride (see Mercury anil mercury compounds) 
Methylmercury compounds (see Mercury and mercury compounds! 
Methyl methacrylate 

Methyl meth anesul Ton ate 

2- Mrtliy i-1 -nitroanthraquinone 
A-Meiliyl-fV'-uitrO’A'-nitrosoguanidinc 

3- Mcthylnitrosaminoprtipionaldehvde(ie«3-(A-Mliosomethylammn)- 

pmpionaldehyde] 

j-Mcthylnitmsaminttpropioitttrile [see 3-(.M-Nilrosomethylamlno)- 
propionitrile] 

4 (MerthyLnitrosaamano)-4-43-pyridyl)-1 -Irutanal [j«e4-l\'-Nitrasomethyl- 
aiTiino'|-4-(3-pynilyl)-1 -butanal] 

4- ( Methvlnitrosamin o)-l -(3-pyridy I)-1 -butanone Ijerf 4-(-Nitrosomethyl- 

am i no). I (3 -pyri dy 1)-1 - butanone 1 
.V-Mclhyl-.V-nitrosourea 

A-Meiliyl-A'-rntrosournhaue 
jV-McthyWacr\lamide 
Methyl paralhiori 

1 -Methylphmuthrene 
7 - M cth y I p yridol 3,4 -<r]p soral en 
Methyl red 

Methvl selcnac (fee also Selenium and sCicnium pnntpounds) 


/, 164 ( 1972 ); 10, 131 ( 1976 ); ] 

Sapp!. 7. 60(1987) i" 

41 ,182 ( 1984 ) (con 45, 283 ): 

Suppl. 7. 245 (19S7); 71, 721 
(19W| |' 

73, 339(1 999) I 

12,151 (197$); Suppl. 7. 66 (1987) j 


41 .161 (1986); Suppl 7 .246 
(1987); 71, 737(1999) 

SI 379(1983); Suppl, 7,66(1987) 
1 ,141 (1972 ); Suppl 7,66(1987) 
4 ,65 (1974) [core 42, 2521; 

Suppl. 7.246 (1987); 57,27! 

(1993) 

27 ,119 (1982); Su/yi 7,66 (1987) 
4,73 (1974); Suppl 7,248(1987) 
4, 79 (1974) (corn 42, 252); 

39, 347(1986); Suppl. 7,66 (1987) 
19, 314(1979); Suppl 7,66 
mi): 71, 1(149(19991 
32,399; 1983): Suppl. 7,66(1987) 
32. 399 (1983); Suppl. 7 66(1987) 
31. 44.3 (1991) 

15.245 (1977); 41.2 13 (19861 
Suppl 7. 66 (1987): ~1 .1503 
(1999) 


19 ,187 (1979); Suppl 7,66 
(1987): 66,445 (1994) 

7, 253 (1974); Suppl. 7, 66(1907); 
71. 1059(1999) 

37,205 (1983); Suppl 7.66(1987) 
4. 183 (1974): Suppl 7,248 (1987) 


1, 125 (1972): 17. 227 (1978); 
Suppl 7,66 (1987) 

4,211 (1974 );Suppl 7.66(1987) 
60, 435 (1994) 

3ft 131 (1983); Suppl. 7.66,392 

(1987) 

52.405 (1983); Suppl. 7.66(1987) 
40. 349(1986): Suppl, 7.71(1987) 
S. 161 (1975); Suppl 7, 66(1987) 
161 (1976): Suppl 7.66(1987) 


Methylthiouracil 
Metronidazole 
Mineral oils 


Mirex 


Mist, and vapours front sulfuric acid and other strong inorganic acids 

Mitomycin C 

Mitoaturone 

MNNG (.see V-Mothyl-A'-rntro-A'-nitrosoguanidme) 

MOCA (see 4.4'-McihyletK bis(2-chloroaniline)) 

Modacrylic fibres 

Monocrotaline 

Monuron 

MOPP and other combined chemotherapy including 
alkylating agents 
Mordanite (tee Zeolites) 

Morimh officinalis (see also Traditional herbal medicines) 
Morpholine 

5-(Motpholiitomelhyl)-3'l(5-nitrofiirttirylide[ielanimo]-2- 
oxazolidinone 
Musk ambrette 
Musk xylene 
Mustard gas 

Myleran (see 1,4-fiuUmediol diiueilBnesuHbnate) 


7,S3 (1974);Suppl 7,66(1987); 
79, 75 (2001) 

13, 113 (1977); Suppl 7,250 
(19*7) 

3,30 (1973); 53,87 (1984) 

(coir. 42,262); Suppl 7 255 
(1987) 

.5. 203 (1974); 20 ,283 (1979) 

( con: 42, 258); Suppl. 7,66 (1987) 
54. 41 (1992) 

10. 171 (1976); Suppl 7 ,67 (1987) 
76, 289 (2000) 


19,86 (1979); Suppl 7,67(1987) 
10, 291 (1976); Suppl. 7,67 (1987) 
12, 167 (1976); Suppl 7,67 
(1987); 53,467 (1991) 

Suppl. 7.254(1987) 


62, 129(2002) 

47. 199(1989); 71 ,1511 (1999) 

?, 161 (1974); Suppl. 7.67 (1987) 

65,477(19%) 

65.477(1996) 

9,181 (1975) (am: 42. 254); 
Suppl. 7,259(198') 


N 

Nafenopm 
Naphthalene 
l.j-Ntiphthalenediamtne 
1,5-Naphtlialene diisocytuiale 

1- Nap hthylamine 

2- Naphthylamine 
1-Naphthylthiourea 

Neutrons 

Nickel acetate (see Nickel and nickel compounds) 

Nickel ammonium sulfale (see Nickel and nickel compounds) 
Nickel and nickel compounds (see also Implants, surgical) 


Nickel carbonate (teeNickel and nickel compounds) 
Nickel carbonyl (sec Nickel and nickel compounds) 
Nickel chloride (.teeNickel and nickel compounds) 


24. 125(1980); Suppl 7,67(1987) 
82. 367(2002) 

27,127 (1982); Suppl 7,67 (1987) 
19 .311 (1919). Suppl 7,67 
(1987>. 71, 1515 (1999) 

4. 87 11974) [con 42, 253); 

Suppl. 7, 260(1987) 

4,97 (1974); Su/tp/. 7.261 (1987) 
Ml, 347 (1983); .Suppl. 7,263 
(1987) 

75,361 (2000) 


2, 126 (1973.) (coir 42,252); U, 
75 (1976); Suppl 7,264 (1987) 
(corn 43, 283); 49 .257 (1990) 
(wrr. 67. 395) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Nickel-salliuiri alloy Nickel and nickel compcnin ds) 

Nickel hydroxide (roc Nickel and nickel compounds) 
Nickelocenc (sec Nickel and nickel compounds) 

Nickel oxide (see Nickel and nickel compounds) 

Nickel subsulfide (see Nickel and nickel compounds) 

Nickel sulfate (see Nickel and nickel compounds) 

Niridazolc 

Mthiazidc 

Nilrilotriacetic acid and its salts 
5-Nitfoacenaphttene 

5- Nitro-ortAo-anisidine 

2- Nitroanisole 
9-Nitroantluacene 
7-Nitiobcnz[B]antaccne 

Nitrobenzene 

6- N11 mben zi i [u] pyre n e 

4-Nilrobi phenyl 
6-Nitrochryscne 

Nitrcfen (technical-grade) 

3- NUrotluorautliene 
2-Nitiofluorcnc 
Nitre fiital 

d-Ntiro-Afuraldebydr scmicarhazrine (tee Nitrofiiral) 
Nitrofurantoin 

Nitrofuramne (.see Nitrofiiral) 

l-[<5-NitroAirfurylidene)anniiio}-2-imi<ia2olidinane 

,V-[4-(5-Nitra-2-fiiA'l)-2-thiajo!yl]acetamtdc 

Nitrogen mustard 
Nitrogen mustard A-oxide 
Nitrotnethane 

1- Ntotiaplillialene 

2- Nitronaphthalene 

3- Nitroperylene 

2-Nitto-para-phcnyleftediainme (see lA-Diaritino^-niliubanene) 
2-Nihppropanc 

1- Nitropyrene 

2- Nitropyrene 

4- Nitropyrene 
A’-Nitrosatable drags 
A-Nitrosalable pesticides 
A'-Nitrosoanabasine 
A'-Ntosoanatabinc 
A'-Nirrosodi-n-butylaminc 

A'-Nitrosodiethanolaminc 


!J. I23|l977|:5npp' '.67 (1987) 

31.179 (1983): Sup?!. 1. 67 (1987) 
48 .181 (1990); 73.385(1999) 
.'4319(1978);fcV, 7 67(1987) 
li, 133(1982); Suppl. G7 (1987; 
61 369 (1996) 

33.179 (1984); SuppL 7, 67(1987) 
46,247 (1989) 

63,381(1996) 

33, 187 (1984); Suppl. 7, 67 

(1987):#, 255 (1989) 

4,113 (1974); Suppl. 7.67(1987) 
33.195 (1984k Suppl 7, 67 
(1987); 46 ,267 (1989) 

30,27! (1983); Suppl. 7,67(1987) 
33, 201 (1984); Suyyi/. 7, 67 (1987) 
46.277(1989) 

7. 171 (1974 ):Suppl ".67(1987); 
50. '.95 (1990) 


SO. 211 (1990) 

7, 181 (1974 );Suppl 7,67(1987) 
1, 181 (1972);;. 185 (1974); 

Suppl. 7.67 (1987) 

9,193 (1975): Suppl 7.269 (1987) 
9 ,209 (1975); Suppl. 7,67 (1987) 
77,487(2000) 

46.291 (1989) 

46,303(1989) 

46.313(1989) - 

29,331 (1982); Suppl. 7,67 
(1987); 71. 1079(1999) 

33,209(19841; Suppl. 7.67 
(1987); 46 ,321 (1989) 

46, 359(1989) 

46. 367(1989) 

24, 297 (1930) (com 42,260) 

30, 359(1983) 

37,225 (1985); Suppl 7.67 (1987) 
37, 233 (1985); Suppl. 7, 67(1987) 
4.197 (1974): (7.5! (1978); 

Suppl 1 67 (1987) 

17, 77 (1978); Suppl. 1, 67 (1987); 
77,403(2000) 


I 


A’-Nitrosodiethylamine 


I A’-Niiiosod'raahylamine 

A’-Mirosudiptaylatnine 
pitra- N itrosodipkenylumine 

X'-Nitrosodi-n-prupyiamine 

I N-Niiroso-'V-eihyluTea line A-Eshyl-.V-mtrtiSourea) 

A-Nitrosofolic acid 
A-Ni:rosogtivacinc 
jV-Nitrosoguvacolinc 

N-Niirosobydtoxyptnline 

« 3 -(A ; -NitroScmetliylamino)pn)pionaldehyde 

j. 3-(,V-Ni6osomethylamino)propionitrik 

; 4-(.V-Nitrosomethylaminu )-4-(3-pyri dy 1)- l-butaial 

i" 4-(N-Ni6osomelhylamino)-l-(3-pyridyl)-1-butaiioae 

A-Nitrosomethylethytaine 
A ! -Nitroso-A r -methylurea (see A-MethykV-niirosonrea) 

V N-Nitroso-.V-methylurethane (see TV-Mcliiy l-/V-niirosourcth an c) 

A-Nitrosontcthylvinylamine 
V-Nitrosomorplioline 
A'-Nitrosontiraicotine 

f 

.Y-Nitrosopiperidine 
S V-N iirosoprok in e 

A-Nitrosopymtlidine 

A'-Nitrososarcosrae 

Nitrosoureas, chloroethvl (see Chlorncthy! nitrosoureas) 

S-Nitro-ort/Woluidine 

2-NitrOtoluene 

A-Nitrotoluene 

4-Nimotolucne 

Nitrous oxide (see Anaesthetics, volatile) 

Niirovin 

Nivalenol (see Toxins derived from Fusarium gramineanun, 

K cvlmomm and F. erooheellense) 

■ NN A (see 4.(A-NitTOSOtnetliylarnino)4-(3-pyndyl)-1 -butana!) 

N>iK (see 4 .(A'-NimBomethylamino)-l -(3-pyridyl)* 1 -butanone) 

Nonsteroidal oestrogens 
•- Norethisterone 


Norethistcrone acetate 
Norcthynodrel 


Norgestre) 
Nylon 6 


i, 107 (1972) (coir. 42,251); 

47,83 (1978) [corr. 42,257); 

Suppl 7,67 (1987) 

j, 95 (1972); 77, 125 (1978) 

(con. 41 257); St# 7,67 (1987) 
27,21.3(1983); Suppl 7,67 (1987) 
>7.227 (1982) (core 42,261); 
Suppl 7 68(1987) 

//. 177 (1978); Suppl 7.68 (1987) 


77.217(1978): Suppl. 7,68(1987) 

37.263(1985): Suppl ' 68(1987) 

37,263 (1985); Suppl 7.68(1987) 
77,704 (1978); Suppl. 7,68 (1987) 
37,263 (1985), Suppl 7. 68(1987) 
37,263 (1985); Suppl 7,68(1987) 
37,205 (1985k Suppl. 7.68(1987) 
37,209 (1985); Suppl 7 ,68 (1987) 
77,221 (1978); Suppl. 7,68(1987) 


77,257 (1978), Suppl 7, 68(1981) 
77,263 (1978); Suppl 7,68(1987) 
77, 281 (1978).; 37. 241 (1985); 
Suppl. 7.68(1987) 

17 .287 (1978): Suppl 7.68 (1987) 
77.303 (1978); Suppl 7.68 (1987) 
77, 313 (1978); Suppl. 7.68 (1987) 
77,327 (1978); Suppl. 7.68 (1987) 


43.169(1990) 

63,409(1996) 

65,409 (1996) 

65,409 (1996) 

37.185 (1983), Suppl 7.68(1987) 


Suppl 1. 273(1987) 

6 179 (1974); 27,461 (1979); 
Suppl. 7,294(1987); 72,49 
(1999) 

72,49(1999) 

6, 191 (1974); 27,461 (1979) 

I corr. 42,259); Suppl 7,295 
(1987), 72.49 (1999) 

6, 20) (1974); 21, 479 (1979); 
Suppl. 7.295 (1987); 72,49 (1999) 
79,120(1979 );Suppl 7,68(1987) 


Source: https://www.industrydocuments.ucsf.edu/docs/kkkj0001 
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Paracetamol 

JO, 307 (1990); 73,401 (1999) 



■>.- 

Parasorbic acid 

10, 199(1976) (corn 42,255); 

Othptdjin A 

/(i,|pi(ip7tt);d;, i9t <iy»3| 



Suppl. 7 .69 (1987) 


(con 42.261); Suppl. 7,271 


Paraihion 

SO, 153 (1983); Suppl 7,69 (1987) 


(1987); 56 .489 (1993) 

r i 

Parulin 

10 ,205 (1976), 40 ,83 (1986); 

Ocstradiol 

6, 99 (1974); 21, 279 (1979); 



Suppl. 7,69(1987) 


Suppl. 7 .284 (1987); 7 2 ,399 


Pcnicillic acid 

/6,2I1 (1976 );Suppl 7.69(1987) , 


(1999) 


PenlaLlilornethane 

11, 99 (1986); Suppl. 7, 69 (1987); 

Oestradiol-l 7p (see Oestradiol) 




7/, 1519 (1999) 

Oestradiol 3-benzoaie (see Oestradiol) 



Pemachlomnitroknzene (see Quintozene) 

! 

Oestradiol dipropiunate (see Oestradiol) 



Pentachloropheno! (see olso Chlorophenols; Chlorophenok, 

20.3(13(1979): 53,371 (1991) 

Ocstradio! mustard 

9 ,217 (1975); Strppf. 7,68 (1987) 


occupational exposures to; Polychlorophenols and their srtHiiiin salts) 

Oestradiol valerate (tee Oestradiol) 



Permelhrin 

5.1, 329 (1991) 

Oeitriol 

6, 117 (1974); 21. 327 (1979); 

fe 

Perylene 

32,411 (1983); SgRp/. 7,69(1967) 


Suppl. 7,283 (1987); 72,399 

r 

Petasitenine 

31. 207 (1983); Suppl 7.69 (1987) 


(1999) 

jr 

Petasitcs japonicus (see also Pyrrolizidine alkaloids) 

10 ,333 (1976) 

Oestrogen-progestin combinations (see Oestrogens. 



Petroleum refilling (occupational exposures in) 

45,39 (1989) 

prngestins (progestagens) and combinations) 


I 

Petroleum solvents 

47,43 (1989) 

Oestrogen-progestin replacement therapy (see Post-mcnopausal 


I 

Phenacetin 

IS, 141 (1977); 24 ,135 (1989). 

oestrogen-progestogen therapy) 


1 


Suppl 7,310(1987) 

Oestrogen replacement therapy (sec Post-menopausal oestrogen 



Phenanthrene 

32,419 (1983); %>(. 7,69 (1987) 

therapy) 


I 

Phenaaopyridine hydrochloride 

6,(17(1975); 24,163 (1980) 

Ctolragens (see Oestrogens, progestins and combinations) 


$ 


(con. 42,260); Suppl. 7,312 

Oestrogens. conjugated (see Conjugated oestrogen?) 


1 


(1987) 

Oestrogens. nonsteroidal (see Nonsteroidal oestrogens) 



Phenelzine sulfate 

24, 175 (1980 );Suppl 7.312 

Oestrogens. progestin? (progestogens) and combinations 

6 (1974): 21 (1979); Suppl 7.372 



(1987) 


(19871; 72. 49.339.399.531 


Phenicarbszidr 

12, 177 (1976): Suppl. 7,70(1987) 


1.1999) 


Phenobarhital and its sodium salt 

).(. 157 (1977); Suppl. 7.313 

Oestrogens, steroidal (tee Steroidal oestrogens) 




(1987); 79 .161 (2001) 

Oestrone 

6, 123 (1974); 21 ,343 (1979) 

- 

Phenol 

47,263 (1989) (con: SO. 385): 71, 


(core. 42. 259); Suppl. 7,286 

1 


749 (1999) j 


(1987); 72,399(1999) 


Phenolphthalein 

76, 387 (2 000) 

Oestrone benzoate (see Oestrone) 


i; 

Phenoxyacetic acid herbicides (see Cblotupbenoxy herbicides) 


Oil Orange SS 

5, 165 (1975); Suppl. 7,69 (1987) 

r- 

* 

Phenoxybettiaminc hydrochloride 

9,223 (1975); 24,185 (1980); j 

Opisihorckisjelineus (infection with) 

61, 121 (199+) 



Suppl 7,70(1987) i 

Opisthoichis vivenini (infection with) 

61, 121 (1994) 

? 

V 

Phenylbutazone 

13 ,183 (1977 y.Suppl 7,316 

Oral contraceptives, combined 

Suppl. 7, 297(1987), 72.49 (1999) 



(1987) 

Oral contraceptives, sequential (see Sequential oral contraceptives) 



mehJ-Pbenylenediamiiie 

li, 111 (1978 );Suppl 7,70(1987) 

Orange 1 - 

8 ,173 (1975); Suppl. 1 ,69 (1987) 


poru-Phenylenediamine 

16. 125(I97R );Suppl 7.70(1987) 

Orange G 

8 ,181 (1975); Suppl. 7,69(1987) 


Phenyl glycidyl ether (fee also Glycidyl ethers) 

71, 1525(1999) 

Organolead compounds (see ulso Lead and lead compounds) 

Suppl. 7, 230 (I9K7) 

i 

Af-Phoiyl-2-naphthylamine 

16 ,325 (1978) (eon 42,257): 

Oxazepam 

IS. 58 (1977); Suppl 7, 69 (1987); 

1' 


Suppl. 7,318(1987) 


66.115 (1996) 

i 

ortlm-Phenylphenol 

39. 329 (1983); Suppl 7.70 

Oxymeiholond (see also Androgenic (anabolic) steroids) 

IS, 111 (1977) 

k 


(1987); 73,451(1999) 

Oxvphcnbutazone 

13. 185(1977): Suppl. 7, 69(1987) 

I 

Phenytriiii 

13, 201 (1977); Suppl. 7,319 



1 


(1987); 66. 175 (1996) 



I 

Phillipsite (see Zeolites) 


P 


| 

PhlP 

56,229 (1993) 



s 

Pickled vegetables 

56, 83 (1993) 

Paint manufacture and painting (occupational exposures in) 

47,329(1989) 

i 

Pidoram 

53,481 (1991) 

Palygorskite 

42, 159(1987);%?/. 7.117 

s 

Piperazine oestrone sulfate (see Conjugated oestrogens) 

1 


(1987); 66'. 245 (1997) 


Piperonyl buloxide 

30, 183(1983); Suppl. 7,70(1987) , 

Panftiran S (see also Dibydroxymcthylfjramzine) 

24,77 (1980); Sapp/. 7.69(1987) 


Pitches, coal-tar (see Coal-tar pitches) 

: 

Paper manufacture (see Pulp and paper manufacture) 



Polyacrylic acid 

19. 62 (1979); Suppl. 7.70(1987) j 
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Pnlybrominated biphenyls 
Polychlorinated biphenyls 


Polychlorinated camptienrt few Toxaphene) 

Polychlorinated dibeitzo-pnru-dioxins (other than 
23.7.S-tmachta»dibcraodio.\itt) 

Polychlorinated dibenznfurans 
Polychlorophenols and their sodium salts 
Polyctiloroprene 

Polyethylene (see also Implants, surgical) 

P(tly(glywlic acid) (see Implants, surgical) 

Polymethylene polyphenyl isocyanate (see also 4,4'-Methylenediphenvl 
diisocyanatc) 

Polymethyl methacrylate (we also Implants, surgical) 

Polyocstradiol phosphate (see Oesto<liol-17(S) 

Polypropylene (see also Implants, surgical) 

Polystyrene (see also Implants, surgical) 

Pol ytetrafluoroethyleoe (see also Implants, surgical) 

Polyurethane foams (see also Implants, surgical) 

Polyvinyl nceutte (see also Implants, surgical) 

Polyvinyl alcohol (see also Implants, surgical) 

Polyvinyl chloride (see also Implants, surgical) 

Polyvinyl pyrrolidone 

Ponceau MX 
Ponceau 3R 
Ponceau SX 

Post-menopausal oestrogen therapy 

Post-menopausal oestrogen-progestogen therapy 

Potassium arsenate (see Atscnic and arsenic compounds) 

Potassium arsemte (see Arsenic and arsenic compounds) 

Potassium bis(2-hydroxyetbylldithiocarbamatt 

Potassium bromate —*— 

Potassium chromate (see Chromium and chromium compounds) 

Potassium dichiomate (see Chromium and chromium compounds) 

Prazepam 

Prednimustine 

Prednisone 

Printing processes and printing inks 
Procarbazine hydrochloride 

Proflavine salts 


IH, 107 (1978): 41, 26! (1986), 
Suppl. 7.321 (1987) 

7, Ml (i974); 75, 43 (1978) 

(mm. 42,258); Suppl. 7,322 
(1987) 

69. 33 (1997) 

69. 345 (1997) 

77,769(1999) 

19. 141 (1979): Suppl. 1.70 (1987; 
19 ,164 (1979); Suppl. 7, 70(1987) 

If, 314 (mi SuppL 7, 70(1987) 

7.9,195 (1979); Suppl. 7,70(1987) 

19,218(1979);%/?/. 7,70(1987) 
19,245(1979);%pl. 7, 70 (1987} 
79,288(1979), Suppl 7, 70(1987) 
19 ,320 (1979); Suppl, 7, 70(1987) 
IP, 346 (1979), Suppl 7, 70(1987) 
1.9, 351 (197.9); Suppl. 7, 70(1987) 
7,306 (1974); !9. 402 (1979): 
Suppl, 70(1907} 

19 .463 (1979): Suppl. ’. 7(j 
(1987); 77,1181 (19991 
S, 189(1975):.Suppi 7. 70(1987) 

8 ,199 (1975); Suppl. ■. 70(1987) 

S, 207 (1975); Suppl. 7,70(1987) 
Suppl 7,280 (1987): 72,399 
(1999) 

Suppl. 7,308 (1987); 72 .531 
(1999) 


12, m (1976); Suppl. 7,70(1987) 
40.207 (1986); Suppl 7.70(1987)- 
74,481 (1999) 


66. 143 (1996) 

50, 115 (1990) 

26, 293 (1981); Suppl. 7, 326 
(1987) 

05,33(1996) 

20,311 (1981); Suppl. 7,327 
(1987) 

24,195 (i960); Suppl 7,70(1987) 


Pm re ster one (sec also Progcstins, Combined oral contracepti' es) 


6,135 (1974); 21.491 (1979) 
(cot; 42, 259) 


Piogestins (jet Progestagens) 

Proncstogeitt Suppl 7, 289 (1987): 72, 19. 339. 

531(1999) 


Prwietalol hydrochloride 
1,3-Propane sultone 


Propham 
P- Propi nl actone 

n-Propvl carbamate 

Propylene 

Propyleneimine (see 2-Mcthylazindinc) 

Propylene oxide 

Propylthiouracil 

Ptaquiloside (see also Bracken fem) 

Pulp and paper manufacture 

Pyrene 

Pyridine 

; Pyridr>[3,4-c)psora)en 

j Pvnmcthamine 

Pvrrolizidine alkaloids (see Hydronsrnkirkine; isaiidine: Jacobinc; 

, Lasiocarpinc; Monocrotalinc: Reirotstne; Riddelliine; Seneciphyllinc; 

i Senkirkine) 

Q 

Quartz (see Crystalline silica) 

Quercetin (see ulso Bracken fem) 

pura-Qiinone 

Quintozcne 

R 

Radiation (see gamma-radiation, neutrons, ultraviolet radiation, 

L X-radiation) 

Radionuclides, internally deposited 
■i Radon 

Refractory ceramic fibres (see Man-nude vitreous fibres) 

Reserpine 

f- 

j Resorcinol 

J Retrorsine 

1 Rhodamine B 


13,227 (1977} (car 42,256), 
Suppl 7,70(1987) 

4,253 (1974) (con: 42,253); 

Suppl. 7, 70(1987); 77,109 5 
(1999) 

12, 189(1976);Suppl. 7.70(1987) 
4,259 (1974) (corn 42,253); 

Suppl. 7, 70 (1987); 71,1103 
(1999) 

12.201 (1976); Suppl. 7.70(1987) 
19. 213 (1979). Suppl 7 71 
(1987); 611. 161(1994) 

11,191 (1976); 36,227 (1985) 
(ram 42,263); Suppl 7,328 
(1987); 6ft 181(199-1) 

7,67 (1974);%.!. 7,329(1987); 
79,91 (2001) 

40, 55 (1986), Suppl- 7, 71 (1987) 
25, 157(1981);%/?!. 7,385 
(1987) 

37, 431 (1983); Suppl. 7, 71 (1987) 
77,503 (2000) 

417.349 (1986); Su/¥>1. 7,71 (1987) 
13.233(1977); Suppl. 7,71 (1987) 


37,213 (1983); Suppl. 7,71 
(1987); 73,497(1999) 
15,255(1977): Suppl 7,71 
(1987); 71, 1245(1999) 

5,211 (1974); Suppl 7, 71 (1987) 


75(2001) 

43 ,173 (1988) (con 45,283) 

10,217 (1976); 24 .211 (1980) 
(earr: 42. 2601; Suppl 7, 330 
(1987) 

IS. 155 (1977); Suppl. 7,71 
(1987): 71.1119 (1990) 

10 ,303 (1976); Suppl. 7,71 (1987) 
16.221 (1978); Suppl 7.71(1987) 
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Rhuikminc 5(i 
R uldliin; 

Rifarapiein 

Ripazepam 

Rock (stone) wool (w Man-made \ jtneous fibres) 

Rubber industry 

Rubia linclorum (sec also Madder roor. Traditional herbal medicines) 
Ruimhisin 


16 ,233 (1978); Suppl. 7 ,71 (1987) 
30.313 (1976); Suppl. 7,71 
(1987); 82. 153(2002) 

24 ,243 (1980); Suppl. "71 (1987) 
0(1,157 (1996) 


28 (1982) (mtr. 42. 261), Suppl. 7, 
332(1987) 

82. 129 (2002) 

46. 99(1986); Suppl. 7,71 (1987) 


S 


Saccharated iron oxide 
Saccharin and its salts 

Safrole 

Salted fish 

Sawmill industry (including logging) (see Lumber and 
sawmill industry (including logging)) 

Scarlet Red 

5i '■ no haemaiabim (infection with) 

■ •somijuponiam (infection with) 

■■■'• ■■ ’mo nimsoni I infection with) 

SeU.ium and selenium compounds 

txoniun) dioxide (see Selenium and selenium compounds! 
Selenium oxide (see Selenium and selenium compounds! 
5cmicarbazidc hydrochloride 

Sem:it> jutvbaea L. (suealso Pyrrolieidinc alkaloids) 

Stnuw longiltfbus (star uhu Pynulizidine alkaloids, Tiadiliuual) 
herbal medicines) 

Srnccio riddellii (sen a Iso Traditional herbal medicines) 
Ssneciphyllinc 

Senkirkine 

Sepiolitc 

Sequential oral contraceptives (see also Oestrogens, prosesuns 
and combinations) 

Shale-oils 

Shikimic acid {sop also Bracken fern) 

Shoe manufacture and repair (see Boo; and shoe manufacture 
and repair) 

Silica [see also Amorphous silica: Crystalline silica) 

Silicone (.rep Implants, surgical) 

Sima/ine 

Slag wool (apt Man-made vitreous fibres) 

Sodium arsenate [see Arsenic and arsenic compounds) 


7 ,161 (1973); Suppl. ?, 71 (1987) 
22, III (1980) (con: 42, 259); 
Suppl 7,134(1987); 71, 517(1999) 
/. 169 (1972); 10 .231 (1976); 
Suppl. 7 .11 (1987) 

«,41(I993) 


8, 217(1975); Suppl. 7,71(1987) 
61. 55 (1995) 

S/,45 (1994) 

S/,45 (1994) 

9. 245 (1975| [coir. 42.255): 
Suppl. 7.71 (1987) 


12 ,209 (1976) (corr 42. 256); 
Suppl. 7, 71 (1987) 

10 ,333 (1976) 

10, 334(1976); 82,77 (2002) 

82. 153(1982) 

10, 319,335 (1976); Suppl. 7,7! 
(1987) 

10 ,327 (1976); 31, 23! (1983); 
Suppl. 7, 71 (1987) 

42. 175 [] my, Suppl. 7.71 
(1987); 68 ,267 (1997) 

Suppl 7 ,296 (1987) 


35 ,161 (1985); Suppl. 7,339 
(1987) 

40,55(1986);Srrpp/. 7, 71 (1987) 


42,39(1987) 

53.495 (1991); 73,625(1999) 



¥ 



I 






Sodium arsenite (sec Arsenic and arsenic compounds) 

Sodium cacodykte (sic Arsenic and arsenic compounds) 

Sodium chlorite 

Sodium chromate (sw Chromium and chromium compounds) 
Sodium cyclamate (see Cyclamates) 

Sodium diehromute (see Chromium and chromium compounds) 

Sodium dieihyldithiocarhamate 

Sodium equilin sulfate (see Conjugated oestrogens) 

Sodium fluoride [see Fluorides) 

Sodium monofliiorophosphate (see Fluorides) 

Sodium oestmne sulfate (see Conjugated oestrogens) 

Sodium prrto-phenylphcnate (see also ortto-Phenylphenol) 

Sodium saccharin (see Saccharin) 

Sodium seknnte (see Selenium and selenium compounds) 

Sodium selenite (see Selenium and selenium compounds) 

Sodium silicnfluonde (see Fluorides) 

Solar radiation 
Snnts 

Special-purpose glass fibres such as E-glass and ‘475’ glass fibres 
(see Man-made vitreous fibres) 

Spironolactone 

Stannous fluoride (sec Fluorides) 

Static electric fields 
Static magnetic Helds 

Steel founding (see Iron and steel founding) 

Steel, stainless (see Implants, surgical) 

Sterigmatccyslin 

Steroidal oestrogens 
Streptozotocin 

Strobane® (see Terpene polycMorinaies) 

Strung-inorganic-acid mists containing sulfuric acid (see Mists and 
vapours from sulfuric acid and other strong inorganic acids) 
Strontium chromate (see Chromium and chromium compounds) 
Styrene 


Styrene-acrylonitrile copolymers 
Styrene-butadiene cnjxilymers 
Styrcne-7,8-oxidc 


Succinic anhydride 

Sudan I 
Sudan II 
Sudan III 
Sudan Brown RR 
Sudan Red 7R 

Sulfadimidine (see Sulfamethazine) 


52,145(1991) 


12. 217 (19761: Suppl 7. 71 (1987) 


30,329(1983);%)/. 7,71,392 
(1987); 73,451 (1999) 


55(1992) 

3,22 (1973); 35,219 (1985); 
Suppl. 7,343 (1987) 


24, 259 (1980); Suppl. 7,344 
(1987); 79. 317 (2001) 

80 ( 2002 ) 

SO (2002) 


1. 175(1972); 10 ,245 (1976)- 
Suppl. 7,72(1987) 

Suppl 7,280(1987) 

4. 221(1974); 17. 337(1978); 
Suppl, 7,72(1987) 


/9'2arp979) (twi; 42, 258); 
Suppl. 7,345 (1987); 60,233 
(1994) (corr 65, 549); 82. 437 
(2(H)21 

19. 97 (1979): Suppl. 7.72 (1987) 
19 ,252 (1979), Suppl. 7 ,72 (1987) 
II, 201 (1976); 19 ,275 (1979): 

36,245 (1985); %>/. 7,72 
(1987); 00,321 (1994) 
35,265(1977);%/ 7,72 (1987) 
5,225 (1975);.%/. 7,72 (1987) 
8 ,233 (1975); Suppl. 7,72 (1987) 
A, 24J (1975); Suppl 7,72(1987) 
8, 249(1975); Suppl. 7,72(1987) 
8, 253 (1975); Suppl. 7,72 (19871 
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Sulfafurazole 

24, 275 (1980); Suppl. 7,347 
(1987) 

Sulfailate 

30, 283 (1983); Sippl. 7 ,72 (1987) 

Sulfamethazine and its sodium sail 

79,341 (2001) 

Sulfamethoxazole 

24 ,285 (1980); Suppl. 7,348 
(1987); 79,361 (2001) 

Sulfites (see Sulfur dioxide and sonic sulfites, bisulfiu'S and mcrahi sulfites) 

Sulfur dioxide and some sulfites, biaulfiuK and mttahisulfites 

Sulfur mustard l.rae Mietard gas) 

54.131(1992) 

Sulfuric acid and other strong inorganic acids, occupational exposures 
to mists and vapours from 

54.41 (1992) 

Sulfur trioxide 

Sulphisoxazole (see Sulfafurazole) 

54,121 (1992) 

Sunset Yellow FCF 

8 ,257 (1975); Suppl. 7,72(1987) 

Sympbytine 

31 ,239 (1983); Suppl. 7,72(1987) 

T 

2,4,5-T free also Chloropheuoxy herbicides; Chlorophenoxy 
herbicides, occupational exposures to) 

15 ,273 (1977) 

Talc 

42, 185 (1987); Suppl. 7,349 
(1987) 

Tamoxifen 

06, 253 (1996) 

Tannic acid 

10 .253 (1976) (con. 42,255); 

Suppl. 7, 72(1987) 

Tannins (see also Tannic acid) 

TCDD free 2.3,T.8-Tetracblorodibcnzo-/iuru-dioxin) 

IDE (see DDT) 

10 ,254 (1976); Suppl. 7,72 (1987) 

Tea 

53,207 (1991) 

Tcrhazepam 

56, 161 (1996) 

Tcniposidc 

76,259(2000) 

Terpene polychlorinates 

5,219 (1974); Suppl. 7, 72(1987) 

Testosterone (see also Androgenic (anabolic) steroids) 

Testosterone oenamhate (see Testosterone) 

Testosterone propionate (sun Testosterone) 

6,209 (1974); 27,519 (1979) 

2,2'.5,5'-IetracblnrnhpTi7idine 

27.141 (1982); Suppl. 7,72 (1987) 

2.3,7 A-Tetraehiurodibenzo-para-dioxin 

35,41 (1977); Supp/. 7.350 
(1987); 69 ,33 (1997) 

1.1. f ,2-Tetrach 1 oroe th ane 

41. 87 (1986); Suppl. 7,72 (1987); 
71, 1133 (1999) 

1,1,2,2-Tetrachloroelhane 

20 ,477 (1979); Suppl. 7,354 
(1987); 73,817(1999) 

Tetrachloroethylene 

2,3,4,6-Tetracblorophciiol (see Chlorophenols; Chlorophenols, 

occupational exposures to; Fttlychlorophenols and their sodium salts) 

20,491 (1979); Suppl 7,355 
(1987); 63,159 (1995) (con. 65, 
549) 

Tetracblorvinpbos 

Tetraethyllead (see Lead and lead compounds) 

30, 197 (1983), Suppl. 7. 72 (1987) 

Tctiailuoroefliylene 

39,285 (1979); Suppl. 7 ,72 
(1987); 77, 1143 (1999) 

letrakislhydrMjincthyliphosphoriiuin salts 

Tetramtthyllead free Lead and lead cwnpminds) 

45.95 (1990); 71. 1529(1999) 


Tctranitromethane 

65,437 (1996) 

Textile manufacturing industry, exposures in 

48 .215 (19901 (con 51, 483) 

Theobromine 

53, 421 (1991) 

Theophylline 

53,391 (1991) 

Thioacetamide 

7,77(1974); Suppl. 7,72(1987) 

4,4'-Thiodiani!ine 

16 .343 (1978); 27, 147 (1982); 
Suppl 7. 72(1987) 

Thiotepa 

9. 8.5 (1975); Suppl 7 ,368 (1987); 
56,123 (1990) 

Thiouracil 

7,85 (1974); Suppl 7.72 (1987); 
79. 127 (2001) 

Thiourea 

7.95 (1974): Suppl. 7,72 (1987): 
79, 703 (2001) 

Thiram 

Titanium (see Implants, surgical) 

12. 225 (1976); Suppl. 7,72 
(1987); 53,403 (1991) 

Titanium dioxide 

Tobacco habits other than smoking (see Tobacco products, smokeless) 

47, 307(1989) 

Tobacco products, smokeless 

37 (1985) (com 42, 263; 52,513); 
Suppl. 7,357(1987) 

Tobacco smoke 

Tobacco smoking (see Tobacco smoke) 
or//fO-Tolidine (see 3,3'-Dimeihylbenzidine) 

55 (I486) (con 42, 263); Suppl 7. 
359(1987); 83 ,51 (2004) 

2,4-Toluene ili isocyanate {sec aha Toiuenc diisocyanates) 

39,303 (197!). ■' V-' 

2.6-Tuluenc diisocyanate (see aha Toiuenc diisocyanates) 

19 .303 (1974V 59, 289 (1986) 

Toluene 

47 , 70 Ilpgi: ■ " ' v; ■ !0‘ ■ 

Toluene diisocyanates 

39,287 tl98v.11X07. r.::.c- 

Sippl '.'2il V -5(1999) 

Toluenes, a-chlorinated (sec a-Chlorinated toluenes and benzoyl chloride) 

0 To foe nesul fern amide (see Saccharin) 

or//u?-Toluidine 

16, 349 (1978); 27,155 (I9i2j 
(con 68, 477); Suppl. 7,362 
(1987); 77,267 (2000) 

Toremifene 

66, 367 (1996) 

Toxaphene 

T-2 Toxin (sec Toxins derived from Fusarium spomtrichioides) 

20, 327 (1979); Suppl 7, 72 
(1987); 79,569(2001) 

Toxins derived from Fusarium gramineorum, F. culmrum and 

331769(1976); 33, 153,279 

F. croobtellense 

(1983); Suppl. 7, 64.74(1987); 

56. 397 (1993) 

Toxins derived from Fusarium momliforme 

56,445(1993) 

Toxins derived from Fusarium spamtrkhioides 

31 ,265 (1983); Suppl. 7,73 
(1987); 56, 467(1993) 

Traditional herbal medicines 

Tremolrte (see Asbestos) 

S2, 41 (2002) 

Treosulfan 

26,341 (I981);5iipp/. 7,363 

Triaziquone (see Trisfaziridinyl)-/J£jro-benzoquinone) 

(1987) 

Trichlorfon 

30, 207 (1983); Suppl. 7,73 (1987) 

Trichlormethine 

9, 229 (1975); Suppl. 7.73(1987): 
50. 143 (1990) 

Tridiluiiiaictit acid 

63 .291 (1995) (con. 65. 549) 

Triehbrcacetonitrile (see also Haloccuated acetonitriles) 

71. 1533 (1999) 
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1.1,1-Trichloroe thane 

20, 515 (1975); Suppl. 7,73 
(1987); 73.881 (1999) 

V 


1 .1.2-Trichlorocthanc 

20, 533 (1979); Sapp! 7,73 

Vht Yellow 4 

48, 161 (1990) 


(1987); 52, 337 (1991); 71, 1153 

(1999) ! 

t Vinblastine sulfate 

■ 26, 349 ( 1981) (corn 42,261); 
Suppl. 7,371 (1987) 

Trichloroethylene 

11, 263 (1976); 20, 545 (1979): 

Suppl. 7,364 (1987); 63. 75 (1995) 

Vincristine sulfate 

26,365(1981);%/. 7.372 
(1987) 


(core 65, 549) 

| 

" Vinvl acetate 

19, 341 (1979); 39. 113 (1986), 

2.4.5-Tridiluropherol (ree also Chlorophenols; Chlorophenols, 

20, 349 (1979) j 

j 

Suppl. 7.73 (1987); 63,443 (1995) 

utcupational exposures lo; Polychlorophenols and their sodium salts) 

■ 

s Vinyl bromide 

19, 367(1979); 39.133 (1986); 

- 4.6-Trichlort)phenol [see also Chlorophenols: Chlorophenols, 

26, 349 (1979) i 

Suppl. 7, 73 (1987); 77.923 (1999) 

occupational exposures to; Polychlorophenols and their sodium salts) 

, Vinyl chloride 

7.291 (1974): 79.377(1979) 

1 2.4.5-1 richlorophenoxy}acetic acid (see 2,4.5-T) 


(core 42, 258). Suppl. 7.373 

1.2.3-Trichloropropane 

63, 223 (1995) 


(1987) 

Tnchbrotrielhylamine-hydrochloride (see Trichlormethine) 


Vinyl chlorlde-vinvl acetate copolymers 

7, 311 (1976); 79,412 (1979) 

T ; -Trichothecene ( see Toxins derived from Fusarium sporotrichioides) 


(core 42. 258); Suppl. 7, 73 (1987) 

Tridymite (see Crystalline silica) 


4-Vinylcyclohexcne 

77,277 (1976); 39.181(1986) 

Triethanolamine 

77, 381 (2000) 

Suppl. 7. 73 (1987); 60. 347 (1994) 

Triethylene glycol diglycidyl ether 

11, 209 (1976); Suppl. 7,73 
(1987); V, 1539(1999) 

4-Vmykyclohexene diepoxide 

11, 141 (1976); Suppl. 7, 63 
(1987), 60, 361 (1994) 

Trifluraiin 

53,515(1991) 

j Vinyl fluoride 

39,147 ( 1986); 7,73 

4.4',6-Trimethylangelicin plus ultraviolet radiation { see also 

Suppl. 7,57(1987) 

(1987); 63, 467 (1995) 

Aneelicin and some synthetic derivatives) 


Vinylidene chloride 

79, 439 (1979); 39, 195 (1986); 

2.4.5-T ri methytanilinc 

27, 177 (1982 ), Suppl. 7, 73(1987) 

Suppl. 7, 376 (1987); 71, 1163 

2.4.6-Trittietliylaniline 

27, 178(1982);%/)/. 7,73(1987) j 


(1999) 

-f.5'.8-Trimeihylpsoralen 

4(1, 357 ( 1986); Suppl. 7. 566 

Vinylidene chloride-vinyl chloride copolymers 

79.448 (1979) (con: 42, 258): 


(1987) 

Suppl. 7. 73 (1987) 

Inmestine hydrochloride (av Trichlormethine) 


Vinylidene fluoride 

39.227 (1986): Suppl 7, 73 

2.4.6-Trinitrotoluene 

65,449(1996) 

(1987): 7/J551 (1999J 

Triphenylene 

32,447 (1983);%/)/. 7, 73 (1987) 

jV-VinyW-pyrrolidone 

79.461 (1979); Suppl 7,73 

Tris(aziridinyl)-/Mr«-b«lzoquinone 

9. 67 (1975); Suppl. 7.367 (1987) 

(1987); 77. 1181 (1999) 

Tris(l-azirtdinyI)phi)sphine-oxide 

9. 75 (1975); Suppl. 7, 73 (1987) 

Vinyl toluene 

6(7,373 (1994) 

Tris(l-aziridinvl)phosphine-su!ptii'de (see Thiotepa) 
2.4,6-Tris(l-aziridinyl)-s-triazine 

Tris(2-cHorft ethyl) phosphate 

9, 95 (1975); Suppl. 7, 73 (1987) j 

48, 109 (1990): 71. 1543 (1999) ! 

Vitamin K substances 

76,417 (2000) 

I.2.3-Tris(chloromelhovy)propane 

75, 301 (1977); Suppl. 7,73 \ 

(1987); 77, 1549 (1999) 

W 


Tris(2.3-dibromopropyl) phosphate 

20, 575 (1979); Suppl. 7, 369 

Welding 

4% 447 ( 1990) (core 52, 513) 


(1987); 77,905 (1999) : 

Wollastonite 

42, 145 (1987); Suppl , 7, 377 

Tris(2-mcthyl-1 -aziridlnyliphosphine-oxide 

9, 107 (1975); Suppl. 7, 73 (1987) 

(1987); 66.283 (1997) 

Trp-P-1 

37,247 (1983); Suppl. 7,73(1987) \ 

Wood dust 

62,35 (1995) 

Trp-P-2 

Trypan blue 

37, 255 (1983); Suppl. 7, 73(1987) i 

6,267 (1975);%)/. 7. 73 (1987) | 

' 10, 334 (1976) 

« 

Wood industries 

25(1981); Suppl 7, 378 (1987) 

Tussilago forfara L. (see also Pyrrolizidine alkaloids) 

X 


U 

tj 

J 

X-radiation 

Xylenes 

75.121 (2000) 

47. 125(1989): 77,1189(1999) 

Ultraviolet radiation 

40, 379 (1986): 55 (1992) 

2,4-Xvlidine 

76, 367 (1978);%/ 7, 74 (1987) 

Underground haematite mining with exposure to radon 

7. 29 (1972): Suppl. 7. 216 (1987) : 

2.5-Xylidine 

/6.377 (1978): Suppl. 7,74(1987) 

Uracil mustard 

Uranium, depicted ( see Implants, surgical) 

Urethane 

9. 235 (1975); Suppl. 7.3700987) 

7, 111 (1974);%/ 7. 73(19871 

2.6-Xvlidine (see 2,6-Dimethyianiline) 
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Y 

Yellow AB 
Yellow OB 


7. 

Zalcitabine 

Zcaralcnonc [see Toxins derived from Fusarium giamineaium, 

E ruimnnm and F. croobeellense I 
Zectran 

Zeolites other than cnomic 
Zidovudine 

Zinc beryllium silicate (see Beryllium and beryllium compounds) 
Zinc chromate [sen Chromium and chromium compounds) 

Zinc chromate hydroxide (we Chromium and chromium compounds) 
Zinc potassium chromate (see Chromium and chromium compounds) 
Zinc yellow (see Chromium and chromium compounds) 

Zineh 

Zirain 


8 ,279 (1975): Strpp/. 7,74 (1987) 
& 287 (1975); Suppl. 7, 74(1987) 


76. 129 ( 2000) 


H. 237 (1976); Suppl. 1 , 74 (1987) 
itt. 307(1997) 

It. 73 (2000) 


12 .245 (1976): Suppl. 7,7411987) 
11 259 (1976); Suppl 7,74 
(1987); $3,421 (1991) 


List of IARC Monographs on the Evaluation of Carcinogenic Risks to Humans* 


j Volume 1 

S Some Inorganic Substances. 

f Chlorinated Hydrocarbons, 

l ' Aromatic Amines, N-Nitroso 
I Compounds, and Natural 

s Products 

i 1972; 184 pages (out-of-print) 

Volume 2 

Some Inorganic and Qrgano- 

metallic Compounds 

1973; 181 pages (out-of-print) 

j Volume 3 

Certain Polycyclic Aromatic 
Hydrocarbons and Heterocyclic 
Compounds 

j 1973; !71 pages (ovt-ot-piint) 

Volume 4 

j Some Aromatic Amines, Hydra¬ 

zine and Related Substances, 
N-NItroso Compounds and 
Miscellaneous Alkylating Agents 

1974:286 pages (out-of-print) 

Volume 5 

Some Organochlorine Pesticides 

1974; 241 pages (out-of-print) 

; Volume 6 

Sex Hormones 

1974; 243 pages ( out-of-print ) 

Volume 7 

Some Anti-Thyroid and Related 
Substances, Nitrofurans and 
Industrial Chemicals 

1974:326 pages (out-of-print) 

Volume 8 

Some Aromatic Azo Compounds 

7975; 357 pages 

; Volume 9 

Some Ailridlnes, N-. S- and 
; O-Mustards and Selenium 

1975; 268 pages 

Volume 10 

Some Naturally Occurring 
Substances 

1976; 353 pages (out-of-print) 


Volume 11 

Cadmium, Nickel. Some 
Epoxides, Miscellaneous 
Industrial Chemicals and General 
Considerations on Volatile 
Anaesthetics 

1976; 305 pages (out-of-print) 
Volume 12 

Some Carbamates, Thio- 
carbamates and Carbazides 

1976; 282 pages (out-of-print) 

Volume 13 

Some Miscellaneous 
Pharmaceutical Substances 

1977; 255 pages 

Volume 14 
Asbestos 

19 77; 105 pages (out-of-print) 
Volume 15 

Some Fumigants, the Herbicides 
2,4-D and 2,4,5-T, Chlorinated 
Dibenzodioxins and Miscella¬ 
neous Industrial Chemicals 

1977; 354 pages (out-of-print) 

Volume 16 

Some Aromatic Amines and 
Related Nitro Compounds—Hair 
Dyes, Colouring Agents and 
Miscellaneous Industrial 
Chemicals 
1978; 400 pages 

Volume 17 

Some N-Nitroso Compounds 

1978; 365 pages 

Volume 18 

Polychlorinated Biphenyls and 
Polybromlnated Biphenyls 

1978; 140 pages (out-of-print) 

Volume 19 

Some Monomers, Plastics and 
Synthetic Elastomers, and 
Acrolein 

1979; 513 pages (out-of-print) 


Volume 20 

Some Halogenated Hydrocarbons 

1979; 609 pages (out-of-print) 

Volume 21 

Sex Hormones (II) 

1979; 583 pages 

Volume 22 

Some Non-Nutritive Sweetening 
Agents 

1980; 2 08 pages 
Voiume 23 

Some Metals and Metallic 
Compounds 

1980; 438 pages (out-of-print) 

Volume 24 

Some Pharmaceutical Drugs 

1980; 337 pages 

Volume 25 

Wood, Leather and Some 
Associated Industries 
1961; 412 pages 

Volume 26 

Some Antineoplastic and 
Immunosuppressive Agents 

1981; 411 pages 

Volume 27 

Some Aromatic Amines, 
Anthraquinones and Nitroso 
Compounds, and Inorganic 
Fluorides Used in Drinking-Water 
and Dental Preparations 
1982; 341 pages 

Volume 28 

The Rubber Industry 

1982; 48 6 pages 

Volume 29 

Some Industrial Chemicals and 
Dyestuffs 

1982; 416 pages 

Volume 30 

Miscellaneous Pesticides 

1983; 424 pages 


‘Certain older volumes, marked out-of-print, are still available directly from lARCPress. Further, high-quality photo¬ 
copies of ail out-of-print volumes may be purchased from University Microfilms International. 300 North Zesb Road, Ann 
Arbor Ml 48106-1346, USA (Tel.; 313-761-4700.800-521-0600). 
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Volume 31 

Some Food Additives, Feed 
Additives arid Naturally 
Occurring Substances 

1983:314 page s (out-of-print) 

Volume 32 

Polynuclear Aromatic 
Compounds, Part 1: Chemical, 
Environmental and Experimental 
Data 

1983 :411 pages (out-of-print) 
Volume 33 

Polynuclear Aromatic 
Compounds, Part 2' Carbon 
Blacks, Mineral Oils and Some 
Nitroarenes 

1984:245 pages (out-of-print) 
Volume 34 

Polynuclear Aromatic 
Compounds. Part 3: Industrial 
Exposures in Aluminium 
Production, Coal Gasification, 
Coke Production, and Iron and 
Steel Founding 
1984:219 pages 

Volume 35 

Polynuclear Aromatic 
Compounds, Part 4: Bitumens, 
Coal-tars and Derived Products, 
Shale-oils and Soots 

1985: 271 pages 

Volume 36 

Allyl Compounds, Aldehydes, 
Epoxides and Peroxides 

1985; 369 pages 

Volume 37 —— 

Tobacco Habits Other than 
Smoking; Betel-Quid and Areca- 
Nut Chewing; and Some Related 
Nitrosamines 

1985: 291 pages 

Volume 36 
Tobacco Smoking 

1.980' 421 pages 

Volume 39 

Some Chemicals Used in Plastics 
and Elastomers 

1986: 403 pages 


Volume 40 

Some Naturally Occurring and 
Synthetic Food Components, 
Furocoumarins and Ultraviolet 
Radiation 

1986:444 pages 

Volume 41 

Some Halogenated Hydrocarbons 
and Pesticide Exposures 

1886:434 pages 

Volume 42 

Silica and Soma Silicates 

1987:289 pages 

Volume 43 

Man-Made Mineral Fibres and 
Radon 

1988; 300 pages 

Volume 44 
Alcohol Drinking 

1998:416 pages 

volume 45 

Occupational Exposures in 
Petroleum Refining; Crude Oil 
and Major Petroleum Fuels 

1989 :322 pages 

Volume 46 

Diesel and Gasoline Engine 
Exhausts and Some Nitroarenes 

1989,458 pages 

Volume 47 

Some Organic Solvents, Resin 
Monomers and Related 
Compounds, Pigments and 
Occupational Exposures in 
Paint Manufacture and Painting 
1989:535 pages 

Volume 48 

Some Flame Retardants and 
Textile Chemicals, and Exposures 
in lire Textile Manufacturing 
Industry 

1990, 345 pages 

Volume 49 

Chromium, Nickel and Welding 

1990; 677 pages 

Volume 50 

Pharmaceutical Drugs 

1990:415 pages 


Volume 51 

Coffee, Tea, Mate, Methyl- 
xanthines and Methylglyoxal 

1991; 513 pages 

Volume 52 

Chlorinated Drinking-water; 
Chlorination By-products; Some 
Other Halogenated Compounds; 
Coball and Cobalt Compounds 

1991: 544 pages 

Volume 53 

Occupational Exposures in 
Insecticide Application, and 
Some Pesticides 

1991; 612 pages 

Volume 54 

Occupational Exposures to Mists 
and Vapours from Strong 
Inorganic Acids; and Other 
Industrial Chemicals 

1992; 23C pages 

Volume 55 

Solar and Ultraviolet Radiation 

1992; 316 pages 

Volume 56 

Some Naturally Occurring 
Substances; Food Items and 
Constituents, Heterocyclic 
Aromatic Amines and Mycotoxins 

f993; 599 pages 

Volume 57 

Occupational Exposures of 
Hairdressers and Barbers and 
Personal Use of Hair Colourants; 
Some Hair Dyes, Cosmetic 
Colourants, Industrial Dyestuffs 
and Aromatic Amines 

1993, 420 pages 

Volume 58 

Beryllium, Cadmium, Mercury, 
and Exposures in the Glass 
Manufacturing Industry 

1993 :444 pages 

Volume 59 
Hepatitis Viruses 

1994; 286 pages 

Volume 60 

Some industrial Chemicals 

1994, 560 pages 


Volume 61 

Schistosomes, Liver Flukes and 
Helicobacter pylori 

1994; 270 pages 

Volume 62 

Wood Dust and Formaldehyde 

1995:405 pages 

Volume 63 

Dry Cleaning, Some Chlorinated 
Solvents and Other Industrial 
Chemicals 

1995:551 pages 

Volume 64 

Human Papillomaviruses 

1995; 409 pages 

Volume 65 

Printing Processes and Printing 
Inks, Carbon Black and Some 
Nitro Compounds 

1996:578 pages 

Volume 66 

Some Pharmaceutical Drugs 

1996; 5 14 pages 

Volume 67 

Human Immunodeficiency 
Viruses and Human T-Cell 
Lymphotropic Viruses 

1996:424 pages 

Volume 68 

Silica, Some Silicates, Coal Dust 
and para-Aramid Fibrils 

1997; 596 pages 

Volume 69 

Polychlorinated Dibenzo-para- 
Dioxins and Polychlorinated 
Dibenzofurans 

1997:666 pages 

Volume 70 

Epstein-Barr Virus and Kaposi's 
Sarcoma Herpesvirus/Human 
Herpesvirus 8 

1997, 524 pages 

Volume 71 

Re-evaluation of Some Organic 
Chemicals, Hydrazine and 
Hydrogen Peroxide 

7999; 1586 pages 


Volume 72 

Hormonal Contraception and 
Post-menopausal Hormonal 
Therapy 
1999; 660 pages 

Volume 73 

Some Chemicals that Cause 
Tumours of the Kidney or Urinary 
Bladder in Rodents and Some 
Other Substances 

1999; 674 pages 

Volume 74 

Surgical Implants and Other 
Foreign Bodies 

1999; 409 pages 

Volume 75 

Ionizing Radiation, Pari 1, 
X-Radiation and ^Radiation, 
and Neutrons 

2000; 492 pages 
Volume 76 

Some Antiviral and Anti¬ 
neoplastic Drugs, and Other 
Pharmaceutical Agents 

2000; 522 pages 

Volume 77 

Some Industrial Chemicals 

2000; 563 pages 

Volume 78 

Ionizing Radiation, Part 2, 

Some Internally Deposited 
Radionuclides 

2001 ; 595 pages 

Volume 79 

Some Thyrotropic Agents 

2001; 763 pages 

Volume 80 

Non-Ionizing Radiation, Part 1: 
Static and Extremely Low- 
Frequency (ELF) Electric and 
Magnetic Fields 

2062:429 pages 

Volume 81 

Mart-made Vitreous Fibres 

2002; 418 pages 

Volume 82 

Some Traditional Herbal 
Medicines, Some Mycotoxins, 
Naphthalene and Styrene 

2002: 590 pages 


Volume 83 

Tobacco Smoke and Involuntary 
Smoking 

2004; 145? pages 

Supplement No 1 

Chemicals and Industrial 
Processes Associated with 
Cancer in Humans (IARC 
Monographs, Volumes 1 to 20) 

1979; 71 pages (out-of-print) 

Supplement No 2 
Long-term and Short-term Scree¬ 
ning Assays for Carcinogens: A 
Critical Appraisal 

1980; 426 pages (out-of-print I 
(updated as IARC Scientific; 
Publications No. 83,19B6) 

Supplement No. 3 
Cross Index of Synonyms and 
Trade Names in Volumes 1 to 26 
of the /ARC Monographs 

1982; 199 pager, (out-of-print) 

Supplement No. 4 
Chemicals, Industrial Processes 
and Industries Associated with 
Cancer in Humans ( IARC 
Monographs, Volumes 1 to 29) 
1982; 222 pages (out-of-print) 

Supplement No. 5 

Cross Index of Synonyms and 
Trade Names in Volumes 1 to 36 
of the IARC Monographs 

1985. 259 pages (out-of-print) 

Supplement No. 6 

Genetic and Related Effects: 

An Updating of Selected IARC 
Monographs from Volumes 1 
to 42 

198 7, 729 pages 

Supplement No. 7 

Overall Evaluations of Carcino¬ 
genicity: An Updating of 
IARC Monographs Volumes 1-42 

1987; 440 pages 

Supplement No. B 

Cross Index of Synonyms and 
Trade Names in Volumes 1 to 46 
of (tie IARC Monographs 

1990. 346 pages (out-of-print) 
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lARCPress, 150 Cours Albert Thomas, 69372 Lyon ccdcx 08, France 
(Fax: +33 4 72 73 83 02; E-mail: press@iarc.fr). 

IARC Monographs and Technical Reports are also available from the 
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